document 



resume 



EO 024 214 



EF 001 ^60 



By* Eo 9 elhardt, David Frederic 

Aspects of Spatial Influence on Science Teaching Methods. 

Harvard Univ., Cambridge, Mass. Graduate School of Education. 

Pub Date 68 

No“’- partial fulf.llotent of the requirements for the degree of Doctor of Educat.on. 

'■‘^A "num^r ‘aTpec?^ * orNhe ”rdaiionshipV between 
arcNtectyral space and science teaching methods in f L 
investigated using teacher questionnaire response and interviews fo ^ P 
facilitils. Significant factors include-(l) the provision of d^^sroomHaboratones^C^ 

proximity of the library, (3) size of laboratory sirtk^ tisima 

and (5) individual laboratory space Discussion indudes definition ® ^ 

of data, and extensive models, research design, and application - 

results. Detailed information is provided on interviews, and data is given fo y 

schools in several states. (MM) 



ERIC 






U S. OEPARIMENI OF KEAIIH. EOUCMION & WELFARE 
OFFICE OF EOUCAIION 



m-H 

r 



- IHlS DOCUMENI HAS lEEN REPRODUCEO EXACIIY AS RECEIVEO FROM IHE 

'•l~i PERSON OR ORGANIZAIION URlGlNAIlNG II. POINIS OF VIEW OR OPINIONS 

STAIED DO NOI NECESSARILY REPPESENI OFFICIAL OFFICE OF EOUCAIION 
POSIIION OR POLICY 



ASPECTS OF SPATIAL INFLUENCE 
ON 

SCIENCE TEACHING METHODS 



David Frederic Engelhard! 



Thesis Presented to the Faculty 
of the Graduate School of Education 
of Harvaid University In p artial 
fulfllliBMit of the requlreuients for 
the degree of Doctor of Education * 

1968 



0 

vs 

O' 

0 

Q 

UJ 



Because this study was partially supported by a Research 
Training Grant (OEG l-6-062406-l40l/ I966-I967), all 
original work In this thesis Is released to the public 
domain without copyright or other restriction against 
free use and copying. 




PREFACE 



This thesis Is a sequel to the author's qualifying pap?r, "Space 
Requirements for Science Instruction: Grades 9~12." The qualifying 

paper presented and analyzed some key Issues In the design of science 
facilities used by most science courses In grades nine through twelve. 
Not all aspects of these facilities for science education were dis- 
cussed. The paper concerned Itself with the Immediate school environ- 
ment — where the ctudent would study under the science faculty. 

Prom a survey of the literature, the need for a conq) rehens Ive 
volume presenting the options of goals in science, various methods, and 
theoretical Implications for school design was apparent. However, bv ''^ 
a paper was still In the realm of logical opinion In two, completely 
different levels of theory. The first level of theory held that facili- 
ties do influence teaching methods y an assertion which many administra- 
tors questioned. This assertion has been taken as the "general hypoth- 
esis" In this thesis. The second level of theory Involved many "speci- 
fic hypotheses" which associated specific aichltectural design with de- 
finite Instructional methods. This study investigates the extent to 
which evidence gathered on the specific hypotheses, taken as a group, 
might serve as evidence for the general hypothesis. The thesis is an 
attempt to gain eiqplrlcal supporx for the rationale stated in the 
qualifying paper. 

The research was made possible by the financial help awarded the 



author as a trainee under the Education Research Training PrograM of 
the United States Department of Health, Education, and Welfare. Addi- 
tional funds for the majority of secretarial, travel, conmtmicatlon, and 
conq>uter expenses were obtained from the General Electric Foundation 
Fund at Harvard Graduate School of Education and from that school's 
liberal underwriting of conqputer use. The author Is greatly indebted 
to these sources of funds* 

The cooperation of the superlntendentu , principals, science co- 
ordinators, science department chairman, and teachers was outstanding. 
Evidently, practitioners in the schools are extremely willing to help 
when they feel that research can yield answers or give guidelines to 
their pressing problems. Many thanks are due to those who willingly 
gave as much as several hours during the survey of their science depart- 
ment. 

Other groups and Individuals also participated In the Introductory 
phases of the research — namely the State Departments of Education In 
New Haii9)Shlre, Massachusetts, Connecticut, New York, and New Jersey, 
and the educational consulting firm of Engelhard!, Engelhard! and Leggett. 

Through the planning stages and execution of the research. Harvard's 
personnel were available and oft^ gave freely of their time In consul- 
tation. The ability to design the research rationale was undoubtedly 
a product of my general tutelage under Dr. Fletcher Watson, my faculty 
advisor. He and others of my thesis committee. Dr. Donald Davidson and 
architect Walter Hill, reviewed and gave valuable advice concerning the 
design and reporting of the research. Drs. Marshall Smith and Richard 
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Light lent specific advice and conment on the saapllng and statistical 
procedures used during the study, although the author claims full re- 
sponsibility for any procedural choice. Many decisions rested on back- 
ground and fuivlce given In research design courses and statistical courses 
given by Drs, Philip J. Rulon and Kenneth J. Jones. Through the latter, 

I became acquainted with the use of the conqiutero Invaluable Instruc- 
tion In the use of IBM equipment was given b* Robert L. Stryker. Dr. 
Douglas Roberts, formerly on the Harvard faculty, deserves many thanks 
for his critique of the rationale presented In the qualifying paper. He 
spent many hours acting as an editorial advisor for the qualifying paper. 
Mrs. Sylvia Kovltz also gave her time aa secretary to the department do- 
ing Innumerable small chores and relaying messages to my home. 

Mrs. Elisabeth Abrams has done an outstanding job as the typist 
for the thesis. Her ability to work from hand-written copy has speeded 
the publication of results. 

The research has been a family affair. My father, Nlckolaus L, 
Engelhard!, Jr., has given much advice as to the needs of practitioners 
In the field of school construction. His experience with educational 
research and In the Helds of curricular and school building planning 
has made him my second ’’faculty advisor.” My wife, Patricia, and our 
two children, Charlotte «md John, have felt the day to day strain In- 
volved with a study of this magnitude. During the visitations I saw 
them only for thirty-six hours a we^, over the we^end - even this 
time was mainly spent In thesis correspondence. The strain was lessened 



by having my home act aa a mesaage relaying center* The contact with 
them nightly compensated for the extra job given my wife* Without the 
home office coordinating secretarial work and messages, this survey 
could not have bi^en done in four months* Throughout the design, execu- 
tion, and reporting phases of this thesis, I have necessarily not had 
as nuch time as 1 would have desired for family activities* 

To all these people and others connected with the research^ 1 ex- 
tend deeply felt gratitude und appreciation* 

David Engelhardt 

Bureau of Curriculum Innovation 

Masscichusetts State Department 
of Education 

March, 1968 
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ASPECTS OP SPATIAL INFLUENCE ON SCIENCE TEACHING METHODS 

by David P. Engelhardt 



Abstract 



The existence of associations between characteristics of architec- 
tural space and science teaching Methods In secondary schools was In- 
vestigated. Exenq>lary scl^ce departments from New Jersey, New York, 
Connecticut, Massachusetts, and New Hajq)shlre were Included In the 



saiiq;>le« Only science departments occupying facilities built or rmo- 
yated since i960 were considered for nominations. By Interview techni- 
que, 496 teachers In 59 high schools (or associated junior high schools) 
were questioned regarding their teaching practices. Responses were 
statistically conq>ared with the facilities available to the responding 
teachers. Most teachers were given Individual thirty minute Interviews 
in the spring of 1967* Characteristics of «T*chltectural space were 
found to be significantly associated with certain teaching practices. 

This finding should eiqphasize the necessity for proper drafting of ed- 
ucational specifications. 

Since specific hypotheses were reasoned prior to gathering empiri- 
cal data, a causal connection between architectural design and science 
teaching practice was suggested where a significant association was verl- . 
fled statistically. Other Interpretations were acknowledged^ neverthe- 
less the highly significant findings, which may serve as empirical guides 
for future design of school scloice facilities, have validity regardless 
of their Interpretation. 

Assoclatlonal measures were consistently weak, with some lnq)rove- 
ment manifested yth&i contingent conditions were specified. The main 
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■athod ef tevtlng the null hypotheses was by ncm-parametrlc analysis. 
Crossbreaks were presoited first without specification of contingent 
conditions and then with up to three specifiers regarding non-archltec- 
tural characteristics* Anecdotal renarks were not fully analysed and 
did not influoice the testing of originally stated hypotheses. 

Twcwity specific hypotheses were evaluated. Cl ass room- laboratories 
were found to be associated with wet Inquiry methods, proximity of the 
library with usuage, large sink size with higher frequency of laboratory 
periods In biology and earth science, undeveloped outdoor arecus with 
outdoor problem solving, and Individual lab space with frequency of 
Individual projects. Central storage was associated with higher cost 
per lab period In small schools and with lower cost per lab period In 
schools over 1,000 pupils :> Greenhouses did not stimulate much experi- 
mental work with plants. Eixcept for energetic jvmlor high school teach- 
ers, senior high school biology teachers tended to be Inquiry oriented 
more often than ninth grade biology teachers housed In junior high fa- 
duties. Convenient after-hour access by teachers to laboratory facili- 
ties was associated with more lab work wh^ classes had the usual time 
allowance for lab. Sunlight can be considered more a contaminant than 
an aid In science facilities. 

Scheduling and other administrative procedures had deep Influence 
on Inquiry teaching. Subsequent publication of these results may be 
labeled as part of the Facilities Research Project. 
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CHAPTER I 



INTRODUCTION: BACKGROUND FOR THE STUDY 



The design of facilities for science Instruction has been of deep 
concern to school adnlnlstrators and architects* Despite the e3q>ense 
of laboratory construction and the recent stress on certain types of 
lab^centered science teaching^ little has been vrlttcsn which can allow 
administrators and architects to decide among the various possibilities 
for laboratory design. This study addresses Itself to those who wish 
eiq)lrlcal studies of some oplnlorjs In science facility design. Such 
opinions and supporting theory are presented in the author’s qualify- 
ing paper, ^ which reviewed various Instructional methods In science and 
presented some specific propositions about the Influence of the design 
of secondary school science facilities. 

The major concern of this thesis Is to evaluate the plausibility 
for the hypothesis which justifies concern for the design of schools. 
Thl» general hypothesis, stated In alternative form, reads — the char- 
acteristics of architectural space significantly Influence a teacher’s 



^Davld F. Ehgelhardt, "Space Requirements for Science Instruction; 
Grades 9-12" (unpublished qualifying paper for the Ed. D., Graduate 
School of Education, Harvard University). A copy of this paper is avail 
able on Interlibrary loan from the School of Education Library, Harvard 
Graduate School of Education, Applan Way, Cambridge, Massachusetts 02138 
One should ask for "Space Requirements for Science Instruction; Grades 
9-12" by David Engelhardt, series — Qualifying Paper, October 1966. 
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basic ■M>thodolotiy of science teaching » Most 'ir.hliects and educational 
consultants imwmiM* the general hypothesis to be true, but nany school 
adnlnlstrators are skeptical* If one does bellere that such a relation'^ 
ship exists, then sore specific questions arise. Finding answers to 
them Is the secondary purpose of this study. Taken as a group, the 
specific hypotheses (w^ilch were generated from specific questions) 
should form a basis upon which to evaluate the general hypothesis 
stated above. 

In the various sections to come, It will be apparent that the Fa- 
cilities Research Project^ has been conducted with a desire to yield 
practical Information for practitioners In education and architecture. 
In some aspects, such as sanq)llng, adopted procedures are not generally 
valid for most Investigations. Such procedures are user to avoid anti- 
cipated objections from those administrators who may be reluctant to 
adopt the conclusions of this study. A.lthough this statement may ap- 
pear to show prejudice on the part of the Investigator , the effort made 
In being an impartial data gatherer Is apparent from the Interview an- 
alysis — many null hypotheses were not rejected.^ 

^Facilities Research Project is a collective term for this study 
Including papers to be forthcoming. 

^Anecdotal remarks were not Included in the statistical analysis 
for this paper I subsequent reports may show rejections of null hypothe- 
ses when new specifying conditions are added. 




The Strategy of Reaearch 
The Selection of the Topic 

Why waa the Influence of architectural apace^ on aclence teaching 
methoda choaen aa a aubject for Inreatlgatlon? In the field of educa- 
tional reaearch, neir fUnda have bewi made available for reaearch In 
problema cloae to the claaaroom and for application of reaearch flnd- 
Inga* Although theae problena may not alloir tight experimental dealgn, 
thla atudy atte^>ta to demonatrate a fruitful exploration of a atrong 
hypotheala ^Ich may appear to be atatlatlcally aupported even without 
all pertinent varlablea being controlled. From acquaintance with the 
educational conaultlng firm of Ekigelhardt , Eingelhardt and Leggett, It 
waa apparent that dlaagreement exlated among educators about the moat 
appropriate design options for Instructional facilities In science. 
Because the question seemed almost unexplored by any sophisticated re- 
search, It appeared that any answers would be welcome. 

The selection of this topic for study did not Involve the assunq)- 
tlon that characteristics of architectural space were the major deter- 
minants of teaching Jiiethod. The premise was that, under certain cir- 
cumstances, facilities are the deciding factor In conscious decisions 
of teachers and are a subtle Influence during the formulatlve stages 
of teaching plans. 



For an extended discussion of the term "architectural space" 
see ~ David Engelhard!, pp. 2-5. 
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The Provision of a Rationale 

The rationale for the study was developed during several nonths 
and appeared as an independent volume^ before the data gathering was 
planned. This sequence of research gives greater strength to conclu- 
sions based on ex post facto research or survey techniques. There Is 
less chance of predicting spurious relations existing In an unknown 
sample, whereas finding spurious relations after gathering data Is more 

O 

likely wh^ no limit Is placed on the null hypotheses entertained. 

The Importance of a predicted correlation of .01 significance should be 
greater than a cr»rrelatlon of the same significance and magnitude found 
without prediction. The fact that a theory could lead to the same re- 
lationship as found In nature lends more credibility to functional re- 
lations between two variables. Such a characteristic In design Is ad-, 
vantageous to studies — this study being an exanq)le — which have ten- 
uous causal Interpretations because of their ex post facto nature. In 
this L tudy relations are formulated after gathering data for one pro- 

3 

cedurei this Is the selection of non-archltectural factors for specify- 
ing conditions under which spatial factors become limiting. 

The qualifying paper approached the topic of 5u*chitectural design 



David Ehgelhardt, the qualifying paper. 

2 

The word ’’entertained" Is used to replace "tested" since, In this 
Instance, the sequence precludes testing — other than a mathematical 
test of significance. 

3 

Hereafter referred to as "non-spatlal factors"! spatial factors 
on the other hand pertain to architectural space. 
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by oufanlB« wreral ei«ple. of Instructional Boal. that could be cho- 
sen for science teaching. The paper pointed out that not all such goals 
could be accomplished, even partially, 1„ one year md went on to urge 
planned articulation of courses with various goals. A conclusion was 
reached that the least coatly, but still effective, -wilding would have 
different facilities for the various course goals. Methods were reason- 
ed fron goals% and educational specifications were then given with four 
basic determinants in mind: 

1) gross activities and sub-group organlzatloni 

2) number of students In the space; 

3) services, for wtanple: gas, ventilation, .Ightlngt 

4) location within the school and, to a lesser extent, the 
site upon which the school Is built* 

The qualifying paper noted two emergent Issues Involved with the 
discussion of the model drafting procedure^ for educational specifica- 
tions of school science facilities: 1) Are facilities a limiting fac- 

tor In permitting certain Instructional methods to be employed? If so, 
under what conditions does the architectural space become the limiting 
condition? 2) Does the presence of some obvious architectural facility 



1 _ 

Some research on the effectiveness of methods to accomplish these 

Zll educatio^l measure! 

ments left to administrators the decisions among theories. 



'Infra, p, 8 
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suggest a certain instmctlenal Method?^ 

This thesis does not engage in a sophisticated study of the second 
issue: suggest iveness of space* This study is linited to examining the 

degree to which facilities are correlated with teaching methods and to 
specifjring conditions wltere syace may limit teaching procedures* 

Suggestions from Practitioners 

The last step in the rationale, reasoning from methods to appro- 
priate facilities, is tested here with empirical survey data* Specific 
statements from the qualifying paper were selected for Inrestlgatlon* 

A few hypotheses were added later from suggestions made by practition- 
ers in school building design* 

With the aid of these practitioners, twenty hypotheses were chosen 
from over ninety statements in the qualifying paper asserting relations 
that might be examined by survey methods* Two criteria formed the basis 
of selection: 

1) Could the hypothesis be tested within the duration and cir- 
cumstances of this study? 

2) For the school designer, was knowledge about a certain rela- 
tionship Impoirtant? 

Hypotheses selected did not have to meet both criteria* From this stand— 
point, the various hypotheses have varying degrees of importance — from 

^An oxanq>le of the suggestlveness of space might Illustrate the 
concept sufficiently without reference to the qualifying paper (David 
Engelhard!, pp* 7-9, 85 - 88 ): The presence of individual laboratory 

cubicles might stimulate the undt^rtaking of individual projects* 
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a study relating sl*e of sinks and amount of lab work, to a study of 
tJie effect of having separate laboratories and classrooms on the tendr 
ency to use Inquiry methods. 

Design and Accoq;>llshment of the Research 
Following the selection of hypotheses, the research was designed 
with the aid of faculty members versed In statistics, sa^)ling theory, 
and factors Influencing science teacher behavior. The Interview sched- 
ule was fonmilated, critiqued, and tried In a few schools In eastern 
Massachusetts. While a final ^orm of the Interview schedule was being 
made, requests for nominations of schools to be Included in the survey 
were being answered. 

At first, schools were visited in the order which visitation per- 
missions were obtained. As the list of schools became larger, areas 
were visited to mlnlmlriO travel expenses. From March 196 ? until mid- 
June 1967, the author gathered data through Individual Interviews with 
teachers. Data were then transferred to punch cards, and analysis was 
accomplished using Harvard's computation facilities. Anecdotal remarks 
remained on file for Interpretation at a later time. A report to par- 
ticipants and several journal articles are to be published In order to 
fulfill the practical alms of the research. 

Except for final editorial work, the aspects of the Facilities 
Research Project reported In this thesis took a busy seven months of 
full time work. Total expenses for travel, comimmlcatlons, and 
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secretarlAl work^ ajWHinted to $2500. An estimate of useful computer 
tlme^ was sixty-nine minutes. Three months were spent In writing the 
original draft of this thesis and in analyzing non-anecdotal data. 



The Model Being Evaluated 
Method of Planning Facilities 



N, L. E^gelhardt and others have found that communities are most 
satisfied with school building programs when the initial planning phase 



has been based on the ’’statement of philosophy" under which the school 
would operate,^ After the basic purposes and goals have been recog- 



nizedf the planning process continues with the next areas of concern. 

The curriculum and the general methods of instruction that will 
be followed are discussed at length. Class sizes are defined, 
the teacher and pupil needs are outlined and the space require» 5 anto 

are fully set forth. ^ 

This procedural sequence for drafting educational specifications may 



be represented by the model in Figure One, 



GOALS I 

I 

Fig, 1 - The procedural model for drafting 
educational specifications. 



) 




^Secretarial work, does not include work connected with the prepara- 
tion of the thesis proper. Of the above total cost, $150 attribu- 
table to secretarial work, 

^Later sections specify the programs and model of computer used, 

^N, L, Engelhardt, N, L. Engelhardt, Jr,, and Stanton Leggett, 

School Planning and ^ildinp Handbook (New Yoiic: F, W, Dodge Corp«, 195^), 

P • 5 • 
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The auger preodse of the model Is that the educator who knows the 
goals and Intended Instructional oiethods of the school system can par- 
ticipate effectively with the architect In shaping the educational 
space within the classroom and on the school site. 

Use of the lodel produces educational specifications which are 
highly flexible In the actual process of designing schools. The archi- 
tect knows the basic educational needs and goals | this knowledge enables 
him to modify speclflca as the building plan develops. As a consequencoy 
fulfillment of the educator's desires Is not so dependent upon other 
design features. By utilizing the oiodel and the four basic determin- 
ants of spatial adequacy,^ the educator becomes a oiore effective con~ 
trlbutor to the final school plan than does one who only requests spe-^ 
clflc architectural Items. 

When educators are aware of the basic goals inherent in the use of 
various methods, achievement of economy and efficiency for the total 
school program is possible. The expense of laboratory facilities may 
or may not be justified after examining basic goals. The model might 
stimulate teachers and science educators to look for alternative re- 
quirements for many objectives which formerly had only one method of 
being acconq)llshed. The Introduction of newer, more efficient methods 
of teaching — from the use of growth chambers to computerized teaching 
machines — will be aided by a thorough analysis of goals, methods, and 



^Supra, p. 5* The four basic determlneuits are mentioned through- 
out the qualifying paper, David Engelhard!, pp. 1-li 
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facilities. The nodel suggests such analysis. 

Assumptions Inherent In the 
Planning Method 

The qualifying paper^ was a demonstration In the use of the model 
In Figure One| this demonstration raised Issues which have led to the 
present research and could lead to new Insights In the realm of school 
design. 



Inferred reverse model 



The model expressed in Figure One Involves several Important as- 
sumptions which become evident when the model Is reversed as In Figure 



Two. 



Influence 
> 



Facilities 

- 



Methods 



influxes 
^ 



Acconq)! Ishment 
of 

Goals 



Fig. 2 - The Inferred reverse model demon- 
strating underlying assumptions 
of the first model. 

The reversal of the model Is a method of revealing the justification for 
the recommended procedure for drafting educational specifications. Such 
justification would claim that methods do Influence goals ( assunq)tlon 
one), facilities do Influence methods ( assunq>tlon two), and that facili- 
ties Influence the acconq)llshment of goals through an indirect Influence 
on methods (assumption three). If one wishes to test the model, the as- 
sunq)tlons might also bo tested. Does the operation of schools appear to 



David Engelhard! y pp. 



10 - 79 . 
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support the contention that this Method of plannlnp schools Is justified? 
Selection of variables 

If one examines the variables In the reverse model, it Is apparent 
that an Investigation could measure facilities, method, and the accomp* 
pllshment of goals. The reasons for selecting only a portion of the 
model for eiq>lrlcal exasdnatlon are given below. 

Acconq>lishment of goals 

Since the main objective of our school system Is to accoiq)llsh 
their Instructional goals. It might have made most sense to evaluate 
the effect of facilities on accoiq)llshmep.t of goals (hereafter referred 
to as "accomplishments"). Since others have been attempting to measure 
the Influwice of methods on accos 5 >llshments and have not succeeded In 
evaluating many Inq^ortant educational outcomes. It seemed legitimate to 
leave this field of endeavor for large scale efforts outside this thesis. 
These efiorts will depend upon the development of new measurement tech- 
niques and Improved Instruments . therefore assumed that Instruc- 

tlonal methods ^ Influoice accons>llshments . This thesis does not con- 
cern Itself with assunq;)tlons Involved between specific methods and cer- 
tain goals. If a general relationship between methods and goals Is 
acknowledged, then attention to what methods are enq)loyed is justified. 
If a factor Influences methods In general, then study of that factor Is 

^David Engelhardt, pp. 21-4?, 98-108. In this reference, a review 
of method research Is given as an exaaq)le of Information and theoretical 
foundations now available to aid policy-setting administrators In choos- 
ing appropriate n ithods. 



Justified. 

If accoapllshMents are presently too difficult to measure for com- 
parison with methods, direct compai*lson of facilities and accoiH)llsh- 
ments would be equally Impractical. 

Method 

In this study, teaching method Is not taken as an Independent var- 
iable, but as a dependent variable. A wide variety of methods were se- 
lected with considerable diversity In Importance. Diversity In answers 
for the various teaching methods Indicated that teachers were not reluc- 
tant to answer candidly. 

Teachers Inevitably use a combination of methods and techniques. 
This research attempted to classify a teacher's technique by his tend- 
0fxcv to adopt certain methods. His modal technique, his most used me- 
thod, was generally taken €U3 his answer for interview questions* In 
other Instances he was asked If he had ever used such a technique this 
year. This procedure In measuring the dependent variable will intro- 
duce error, but with a large sample It was assumed that answers would 
tend to be valid — with errors In responses balancing each other when 
the teachers actually taught predominantly In another manner. When 
given choices of two methods, teachers may have answered that both me- 
thods were used equally. A forced choice was used to reveal the tend- 
ency or at least to randomize the error. Such a design might yield low, 
but significant, correlations. These correlations might lji5)rove In mag- 
nitude If anecdotal remarks were used to eliminate the responses of 
teachers having to make close decisions. 
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In order to conetruci question* which seened valid and proper, ex- 
perience In teaching and awareness of the various views In science edu- 
cation were needed. Certain contrasting methods were chosen te provide 
over-simplified descriptions of a teacher's Instructional approachi this 
selection of certain methods Involved an element of risk for the evalua- 
tion of the general hypothesis since the selected methods, might not have 
been closely associated with architecture. Value judgments were made 
when deciding how often a certain activity had to be done to accomplish 
goals inherent in each method. 

Since the laboratory Is an expensive part of science facilities, a 
large portion of the teacher Interview was based on a three-way classi- 
fication of Instructional methods for the laboratory phase of science 
courses.^ The laboratory variations can be described by using three 
groups of adjectives: l) wet-dry, 2) verifying- Inquiring, 3) directed- 

undirected. 

A wet laboratory occurs when actual apparatus, organisms, or cheml- 
cals are manipulated by the students. A drjr^ laboratory occurs when vi- 
carious methods are used to simulate wet lab or wh«i data are gathered 
from a demonstration. Actual contact with the real subjects Is avoided, 



^A specific exaa^ile where such a judgment may have been In error Is 
where the teacher was asked If ho usually used the class team approach 
in laboratory, students pooling their data rather than being autonomous 
Individuals or small teams. Few teachers usually used the approach, but 
anecdotal remarks would probably show that this approach is used by many 
more teachers for a s. aller, significant portion of time. 

hi-Ylf Engelhard!, pp. 23-24, 92-97 gives a full dlscusslOT md 
cites published exain.les of the various types of laboratory activities. 
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but raw data could be giren to students. Models can be used by students 
In place of actual materials, A film — or telerlsed experiment — could 
also supply data. Students could ask computers or teachers y ’’What would 
happen lf,,,t" «nd the reply would supply the data as If an actual ex- 
periment had been performed, 

A laboratory experience Is a yerlfylna exercise when- there Is know- 
ledge of the outcome or general trend of data prior to the experiment , 

The student Is supposed to arrive at a foregone conclusion from his data 
— the student could write the conclusion of his lab report before doing 
such an experiment. In the Inquiring (or Inquiry) laboratory, the an- 
swer Is not known by the student before the analysis of data Is conplete. 
Data cannot be fabricated with certainty, although the experiment can be 
done with a prediction In mind, 

A directed laboratory Is one In which the student Is restricted In 
his activity by printed or verbal Instructions. In the undirected lab- 
oratory activity, the student may be given a problem, but he mist de- 
sign his own experiment. Directed labs may blossom Into undirected stud- 
ies. 

The options for laboratory methods, vicarious and otherwise, 



^In physics, labs were considered Inquiring If the student or class 
rigorously derived a relationship by maitheraatlcs before going Into the 
laboratory to see If his calculations were correct. If the teacher dem- 
onstrated how the derivation was done, not giving the students a chance 
to function as theoretical physicists, the laboratory would be termed 
verifying. The approach — theoretical or experimental -- that the phy- 
sics teacher may adopt would be Indicated by anecdotal remarks on the 
interview records. Both approaches refl«»ct what physicists do today, 
which Is one goal of the Inquiry course. 
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clasBlfied by the three characterlstlce nentloned abore are am folloira: 

1. wet verifying directed 

2. wet verifying undirected 

3. wet Inquiry directed 

4. wet Inquiry undirected 

5, dry verifying directed 

6, dry verifying undirected 

7, dry Inquiry directed 

8, dry Inquiry undirected 

The thesis Is plainly concerned with each of the first four types and 
the last four as a group » 



Facilities 

lnflu*>r**e on methods . — Facilities are but one possible Influence on 
teaching Pttithods« The existence uf jpultlple factors makes It difficult 
to measure the JLnfluwic^ of facilities^ although the facilities thepb* 
selves are easily measured. Rationale has been glven^, and predictive 
hypotheses have been made. The reasoning behind these hypotheses in- 
volves the claim that characteristics of architectural space limit or 
stimulate certain types of activities. The reader should be aware that 
this study cannot fully support a conclusion based on the above reason- 



ing y since alternative Interpretations could be equally plausible with 

.-2 

ex post facto research. 



^Davld Engelhardt — The qualifying paper presented the rationale 
In full. 

^For discussions reflecting the limitations and standaru terpilnol— 
ogy of ex post facto research, the reader may wish to consult Fred M. 
Kerllnger, Foundations of Behavioral Research (New York: Holt, Rinehart 
and Winston, Inc., 1965), pp. 359-373 and Claire Selltlz et ^ ., Re;:, 
5 earchftethods^n^_SeclajL_,RelatJ^ (Now York: Holt, Rhlnehart and Vlnstm, 
Inc., 1959) pp. 50^ &5-78, 80-88. In some cases, alternative hypotheses 
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Without randomization or manipulation of students « teachers, and 

environments, the Investigator can only gather circumstantial support 

for hypotheses — Increasing the plausibility of the hypothesis from 

opinion to an acknowledged phenomenon.^ Of course, the potential con-> 

sumers of this research could make use of a correlation, no matter what 

2 

the causes of that correlation. An exai^ple of an alternative Inter- 
pretation Is that teachers may be attracted to those facilities com- 
patible to their methods of teaching. Either this Interpretation or 
others cited In the qualifying paper will result In the same action 
during the design of the school building, and the methods used In that 
school would probably be the same. 

In summary, although no causal connection can be Inferred from the 
data obtained In the Facilities Research Project, the hypothesized re- 
lations between architectural space and teaching method will serve ad- 
ministrators and school designers. The finding of no correlation has 



can be examined In the same study. Nevertheless, control In ex post 
facto research Is not as rigorous as In experimental Investigations. 

^If no significant correlation Is found, the plausibility of the 
hypothesis Is lessened. One cannot say the correlation does not exist 
in this case I the phenomenon may have been hidden by some unknown co- 
variable not studied. Negative research (where the null hypothesis was 
not rejected) rarely proves anything. The null hypotheses 

is best left only as a statistical technique for verifying assuoq)tlons 
of distribution to meet parametric test requirements. 

“If such decisions do not yield expected results, false hypotheses 
of causation can be modified with knowledge of failure conditions. In 
this situation, the consumer has been able to manipulate the environ- 
ment and in the process has revealed another pertinent variable. 




dublouB Interpretation — a reason why negative findings should rarely 
be publicized. If correlations are found , more research should be con- 
sidered. The ex post facto design is really an exploratory or descrip- 
tive phase of resecurch. At present it is difficult to design controlled| 
experiiBMital research in the area of architectural design. 

Spatial independent variables . — The term "facility” is often taken t>^ 

\ 

include personnel and equipment outfitting the department (aj indicated 
by the c on m e n usage ef the phrasoy '’military facility"). This study con- 
cerns itself with large equipment items haying bearing on original spec- 
ifications for a new school and on the overall design o/T the science 
facilities. For this reason the architectural term "space" is often 
more appropriate than facility. 

Each hypothesis and its variables differ in their significance for 
architects. In no way could each specific hypothesis be given a weight 
to be used for statistical inference to the general hypothesis. This 
Inference must be made subjectively. 

The spatial independent variables are indicated in the interview 
schedule located in Appendix A. Their answers have column code numbers 
forty— two through sixty— eight in the "Spatial Factor Assessment" section. 
Anecdotal remarks have indicated that some administrative procedures can 
also act as limiting architectural facilities. For Instance, if students 
ej*e scheduled for laboratory work in classroom labs in different groups 
or with different teachers, the occurrence of lab work is rarely flex- 
ible. With this administrative procedure, the situation is as inflexible 



as separate laboratory and cl juisrooa* Such coaq)llcatlon 8 have not been 
taken Into account for analyses of hypotheses not predicting such pro- 
cedures. Later reports will do so, but only Informally. 

Non-spat lal Independent covarlables 

Tf one assumes that the rationale does make the hypotheses tenable, 
the problem then becomes that of controlling the 'loii-spatlal variables 
so as to specify conditions under which space now becomes the limiting 
factor.^ Absolute specification Is obtained when a certain charactei>- 
Istlc of space Is the one factor determining whether or not a method is 
used. The goal of absolute specification Is liq>ractlcal , If not 1 »- 
possible wh«i dealing with conqplex human actions — It would set a sta- 
tistical goal of r a 1.0 with no allowance for random error. Instead 
of electing such a goal , the Investigator ha^ tried to Improve reported 
correlatl<ms or assoclatlonal values by selecting a few pertinent non- 

spptlal factors to be used as specifiers for conditions making the 

2 

the Influence of space ore clear. 



The act of stating under what conditions a variable Is a signifi- 
cant correlate Is called specification^ I the conditions will be termed 
"specifiers'* In this thesis. (See Kerllngery p. 638.) With some varia- 
tion In connotation, specifiers are called contingent conditions In 
Selltlz ^t al . p. 82. 



2 

For instance, architectural Influence Is negated by budgetary 
reasons when money Is not available for equipping laboratories. Even 
though some speolflers may be Justified on oorrelatlonal and logical 
grounds, their use Is dependent on the number of teachers In that spe- 
cifying condition. Even If specifiers with small sub-group populations 
had to be dropped from consideration, this method of specification Is 
still legitimate. The legitimacy Is due to the fact that this study Is 
not investigating the logical network of non-spatlal variables. Non- 
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Non-spatlal variables will be discussed as they are used In the 
chapter on the analysis of datai variable selection and Intent of use 
will be sketched here. 

1) Infonnatlon was obtained as to the number of years the teacher has 
taught the subject. It was thought that SMie variation might occur bo-> 
tween young and experl«iced teachers f the former might be' more willing 
to overoome obstacles and Improvise. Since no dependent variable cor- 
related with this variable y It was not used as a specifier. 

2) Data on the average budget for the K'clence department was also 
gathered — with surprising difficulty. Several systems did not keep 
separate accounts for their departments and great differences of re- 
ports from actual expenditures was anticipated. Such errors In report- 
ing would conceivably scatter the distribution of cost per lab period. 
Unexpected agreement among school5 regarding rhe cost per lab period 
suggests that science department chairmen and administrators outdid 
themsleves ii- obtaining accurate Information. Various measures of fi- 
nancial support were calculated to make the measure more meaningful | 
these were coot per lab period and cost per pupil (total enrollment 
figure used) • 

3) Because the general tone of the school's curriculum might have bear- 
ing on Instructional technique, the percentage of graduates going to 



spatial variables are used logically to raise correlations of spatial 
variables and Instructional methods. This will hopefully aid decision- 
making under these various conditions. 

To avoid the problem of small sub-group size, the technique of 
sa'ipllng would have to have been stratified. This was not possible 
since no readily available data gave Information needed for such 
stratification. 
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accredited colleges was obtained on recent classes. Since the various 

guidance departm«its usually conqiute this statistic for other purposes 

In different ways, sone schools could only give the percentage entr^ts 

Into four year colleges or both junior and four year colleges (total 

entrants). The junior college percentage Involved error since bomb 

figures had to be subjectively altered to account for technical schools 

and nursing schools. Oddly enough, junior college entrants often gave 

better correlations than total or four year entrants. Since using the 

variable of ’’total,” rather than ’’junior,” college entrants would yield 

elghty-two More teachers for analysis, the lower correlating variable 

was sometimes used to Increase cell frequencies In analyses. 

4) Upon the suggestion of one school designer, the total enrollment of 

2 

the school was Investigated as a non-spatlal variable. 



high junior college entrant percentage may have Indicated a 
school which was trying to upgrade the aspirations of its students and 
the community. The use of ”total percentage” would mask the influence 
of this factor on Instructional methods. If this factor Is correlated 
with cost per lab, which serves as a dependent variable In one hypothe- 
sis, those schools supplying a junior college percentage could be keep- 
ing better records — enabling better breakdown of expenditures and 
guidance statistics. Cost per lab (VAR 6, Appendix B) does correlate 
with junior college entrant percentage (VAR 13, Appendix B) signifi- 
cantly at the 0.01 level with r = 0.406. 



^Thls Is actually an architectural variable, but most other arch- 
itectural considerations in this research were specifically of science 
facilities. Because of the Interest expressed In this covariable, a 
brief report on its correlation Is In order. The size of school \r^ 
gardless of the munber of grades Included) did significantly correlate 
(p^,0l) with opportunity to do undirected, wet laboratory experiments 
during class time or as assigned projects (r = +.129). It ras used os 
a covariable with this method. Larger schools also averaged less cost 
per laboratory period (p<.001, r - -.21 with a maximum r less than one 
due to a skewed distribution). 



5) General Infomatlon about student time available for classwork was 
gathered. The number of double periods per week, single periods per 
week, and length of a single period served as variables and data. Var- 
ious manipulations of these figures were used as non-spatlal variables, 
such as total time spent in class and lab, number of single periods when 
no double periods were used, and total time of double periods. When 
nodular scheduling was encountered, up to two modules (usually twenty 

to thirty minutes each) were counted as one period. Three and four no- 
dular periods were counted as double periods.^ 

6) The students In the teacher's classes were classified first as to 
introductory or second course and then as to rough ability — high, 
average college, low terminal (first course only), and advanced place- 
ment (second course only). 

7) Another non-spatlal variable was the number of course preparations 
per day that a teacher had. Including courses not germane to most of the 
dependent variable answers on the questionnaire. This non-spatlal vari- 
able probably had significant correlations since it takes imich tine to 
prepare for a lab— oriented course. 

8) For some dependent variables, the course subject would be a perti- 
nent non-spatlal variable. For instance, films may be more easily ob- 
tained for biology than for other sciences. 

^This resulted In. some Inaccuracy since a triple modular period was 
counted as a double perlod| whereas some schools had sixty minute single 
perlodb. This error was considered slight in the analysis. Anecdotal 
remarks would contain specific Infonuitlon for further analysis. 



9) The w>dal grade for a course May be pertinent to some analyses. In- 
struction or help in library usage may not be needed every year in high 
school. Independent research may vary with the student's age, %fhlch is 

reflected in the student’s grade level. 

Appendix A indicates other information obtained, but not included 
in the final analysis nor in the proposal for research. In some cases, 
the information provod to have little correlational value) in other 
cases the variables were not intended for iMiedlate analysis. The copy 
of the questionnaire is self-explanatory as to what information was 

collected. 



Rationale 

General hypothesis 

If an educator assumes that activities within the school Influence 
the child, the educator may then seek the causes of certain types of be- 
havior in order that through understanding he may gain control of the 
influential activity. The obvious cause of most school activity seems 
to be student or teacher intentions) often the student responds to the 
teacher's wishes, which need not be voiced overtly. There are many fac 
tors which give rise to those intentions, such as training and past ex- 
perience of the teachers, available time, readiness of the students, 
ayailabillty of equipment and tools, and general supportive nature of 
the environment. As a homely example of the last factor, rarely does 
one find a student drinking water where there is no access to water. 
(Here the lack of a facility serves as a constraint upon activity.) 
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Conversely I the presence of a water fountain may well suggest to the 
student a need for a drink. (Here a facility is doing more than allow- 
ing an activity to occuri it is suggesting the activity.) It is not the 
purpose of this thesis to distinguish between the suggestiveness and 
constraining influence of spacei the data obtained reflects both in- 
fluences.^ 

Another explanation for general spatial influence on actions can 
be based on a sociological analysis of the cost and gain for personal 
action. This explanation involves the assuiiQ)tion that for every action 
the actor Is subject to a cost (for exanq>le, in effort, time, or re- 
spect) and a gain (for exanq>le, in savings of effort or time, in devel- 
oping stature, or in student achievement.) The choice will be for that 
activity (or Inactivity) which gives the most net gain or the least net 
cost. 

2 

Many architects and some educators would agree with the assui^tion 



Hrhlle conducting the analysis, the investigator was alert for me- 
thods by which such distinction could be made in future research* Some 
methods may occur to the reader after reflecting upon some of the cross- 
breaks presented here. 



William W. Caudell, Toward Better School Design (New York: F. VT, 
Dodge Corp., 193(^)i P* 24. 

Council of Chief State School Officers, I965 Purchase _Guide_for 
Programs in Science and Mathematics (Boston; Ginn and Co., I965), p. 323. 

Educational Facilities Laboratories, Inc., Design for Educational 
TV: Planning for Schools with Television (New York; Educational Faclll- 
ties Laboratories, I960) p. 5* 

Paul DeH. Hurdf Science Facilities for the Modem High School ( Mon- 
ograph No. 2, Bulletin of the School of Education, Stanford Unlversltyi 
Stanford, Calif.: Stanford Dhlversity Press, 1954), p. 4^ 

W. E. Martin, ^Report of Recorder for Group III — Unresolved Is- 
sues and Problems in Sclei^ce Education Research and Next Steps for 
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that apace can be a llndtlng factor^ for Instructional methods. For 



example: 

The educational plant Is a means to an end. Its major contribution 
Is to help create an environment which Is most advantageous to the 
success of each child In accom>llshing the desired learning out- 
come the prograsi on Instruction. 

Drafting educational specifications in accordance with the model in 
Figure One and In accord with the above statement, demands much time on 
the part of educators. Some educators would disagree that this demand 
on their time Is justified. These educators might object to placing 
the teaching envlroniiiMit In such a crucial position as a limiting fac- 
tor. Possibly this reservation has contributed to the plethora of poor- 
ly prepared educational specifications. One of the purposes of this 

thesis Is to test the assumption that facilities significantly guide 

3 

the actions of teachers and stimulate the thoughts of students. 



NARSTM Science Education, XLIV (February, i 960 ), 31* _ 

National ReseaTSh^uncil , Guidelines for Development of P^fira^ 
In Science Instruction (Publication 1093 1 Washington, D.C.: National 

Acaden^ of Sciences, 1963 ) P» vd.ll. 

John S. Richardson, School Facili ties for Science Ir^structljm 

(Washington, D.C.: National Science Teachers Association, 1961) p. 

Merle R. Suii 9 )tlon and Jack L. Landes, Planning Functional School 

Buildings (New York: Harper and Bros., 1957) p. 155* ^ 

^The biologist designates environmental factors which act upon the 
vital processes of an organism as ’’limiting factors.” The ® 

such fLtor when at a critical level Is termed a ’’limiting condition. 



^National Council on Schoolhouse Construction, Guide for Plannli^ 
School Plants , (East Lansing, Michigan: National Council on Schcol- 

house Construction, 1964), p. 1. 



^A call for such research was given by C. W. Brubaker, ’’Relation 
of Learning to Space and Vice Versa," National Aasoclatlon of Second 
arv School Principal. Bulletin , XLVI (May 1962), 197-200. 
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In null font, the general hypothesis can be stated! 

Characteristics of architectural space are not significantly 
associated with anv instructional meth ods in science courses o_f 
grades nine throuph twelve * 

Stated in alternative form; 

Characteristics of architectural space are significantly 
associated with some instructional methods in science courses 
of grades nine through twelve. 

Specific hypotheses 

The specific hypotheses, taken as a group, have bearing on the gen- 
eral hypothesis. However, each specific hypothesis does have value in 
its own right for use as feedback to school designers who feel that 
specific relations should exist. Designers have had little statistical 
feedback regarding their hypotheses. Below the rationale is briefly 
given for each hypothesis. A more complete and logical treatment is 
given in the qualifying paper. ^ 

Hypothesis one ' 

or science department ^ess to central library^ .j 

facilities does not significantly correlate with any class time 

b eing devoted to the use of the li brary. 

A major architectural problem centers around the relationships be- 
tween various instructional areas in the school. The library is an 

^David ^golhardt 
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essential part of some Instructional techniques. The theory leading to 
the alternative hypothesis centers around two thoughts. First, a teach- 
er may be more aware of the library and see the librarian more often If 
the library Is adjacent to the department. The teacher could use the 
library Immediately, when the need arose, by sending a student or group 
from a laboratory or discussion activity ^ most Important,’ he would get 
his answer quickly. Second, If the library were far away, the teacher's 
class while passing In the halls could annoy other teachers conduct'ng 
classes. Such annoyance would cause a loss of esteem from the teacher's 
colleagues, since he could not keep his class quiet on the way to the 
library. However, It was felt that teachers within the same department 
are probably more tolerant of each other. If only because they know each 
other closely. 

Hypothesis two 

The frequency of teachers using wet Inquiry laboratory as opposed 

2 

to any other method as their modal activity does not differ 



In this section all hypotheses will be stated In the null form. 

The alternative hypothesis form states that there will be a difference 
whm a crossbreak Is analyzed. 

2 

Here, modal activity means at least one period per week In wet 
laboratory on the average for the year and Introduction of a topic, 
rather than verification of a known relation, as the purpose of most 
of the labs. Introduction of a topic can only occur when students do 
not know the general relation being studied. Background for character- 
istics of an Inquiry (or enquiry) laboratory can be obtained from Joseph 
J. Schwab, "The Teaching of Science as Enquiry," The Tea ching of Science, 
jointly bound with a lecture by Paul F. Brandweln ^Cambridge, 

Harvard University Press, 1962), pp. 52-56, also 1?, 24, 29 and 46. 
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significantly between separate laLJratory facllltlea and cowbina* 
tlon classroom - laboratory facilities . 

This specific hypothesis Is probably the most significant of any 
In this thesis. Nevr scioice courses developed vlth financing by the 
National Scloice Foundation have tried to present soienoe as an active , 
inquiring process vhere the student goes through some of the same in- 
triguing types of laboratory endeavors as actual scientists.^ This re- 
quires that answers be unknown before laboratory work is done and also 
requires that development of manipulative skills not be the sole pur- 
pose of every exercise. To enter into such an inquiry laboratory ex- 
ercise, a stud^t must be on the verge of hypothesis testing. If the 
lab is done too far ahead, the studmt sees no purpose in the lab and 
cannot exercise the skills that scientists enq>loyo If the lab occurs 
even a day too late, the student will know the result as an accepted 
conclusion. The alternate hypothesis rests on the thought that unless 
the teacher has a classroom-laboratory (or vacant laboratory adjacent 
to the classroom), scheduling of an effective wet Inquiry lab becomes 
nearly laqxMSslble. In many courses, several days of laboratory work 

are needed — Indeed several weeks with the Biological Sciences Currl- 

2 

culum Study Laboratory Blocks. No scheduling of common laboratory 



For a statement of the adoption of this goal by the NSF, see Na- 
tional Science Foundation, Science Education In the Schools of the United 
St ates (Washington: U.S, Goverrunent Printing Office, I965), p. 26. 

2 

These laboratory blocks are described In Biological Sciences Curri- 
culum Study, Laboratory Blocks In Teaching Biology , edited by Addison E. 
Lee, David L. Lehman, and Gian E. Peterson (BSCS Special Publication 
No. Boulder, Colorado: Biological Sciences Curriculum Study, 1967). 
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space would permit one teacher to use It for six, solid weeks* Several 
national science courses have several days of lab work at the beginning, 
end, nr during some cousion segment of the school year. When teachers 
share a common lab, demand for this space may become too great at these 
peak periods of laboratory utilization. It Is therefore thought that 
the classroonHlaboratory Is far more flexible in critical' timing than 
the separate laboratory facility. It was also felt that the environ- 
ment of the laboratory would stimulate more laboratory work and more 

2 

expex'imentally oriented thought. 

Hypothesis three 

3 

The number of cooperative teaching assignments Is not signifi- 
cantly greater than the nunJ>er of solitary teaching asslgnments. t 



^One exception is noteworthy. Modular scheduling with open labora- 
tories permits comnon laboratories to function with Inquiry methods 
since no formal scheduling occurs. 

^For a more detailed explanation of the rationale, the reader can 
refer to the questions in the Interview schedule. Appendix A, and to 
the qualifying paper, David Engelhardt, pp. 1^*-16, 21-24, 34-37. 1 49i 54, 
62. References outside of the author’s writings Include the following: 
J. A. Campbell, "Chemistry — An Experimental Science," Ine School 

Review . LXX (Spring, 1962) , 55- 

G. C. Finlay, "Physical Science Study Committee," The School Re- 
view , LXX (Spring, 1962), 70* 

Paul DeH. Hurd, "The New Curriculum Movement In Science: An Inter- 

pretative Suiimiixry," The Science Teacher , XXIX (February, 1962), 9. 
National Research Council, p. 7* 

L, E, Strong, "Chemistry as a Science In the High School," The 

School Review , LXX (Spring, 1962 )» 46. 

J, H, Woodbum and E. S. Oboum, Teachlnr the Pursuit of Science 

(New York: Macmillan Co., I 965 ), P. 369. 

^A cooperative assignment Is where two teachers meet with the clast 
or lab at the same time. This does not Include team teaching where var- 
ious teachers meet with the same class at different times. 
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In rooma having orer fifty atudents veraus rooms having fewer 
students » 

School designers have proposed that large roons with two teach- 
ers might allow students more Individual attention than small rooms 
with one teacher. Hypothesis three tests to see If such large rooms 
are used with two teachers or If there Is a trend to Increase class 
pupil-teacher ratio, thereby saving salary expenditures or relieving 
teachers for other duties. Two analyses were done: one where the 

teacher usually meets with the large class, another where the teacher 
Infrequently meets with a large class, usually on a team teaching basis. 

Hypothesis four 

Laboratories taught by team methods^ have the sscne distribution 
concerning number of assigned studentt. as do laboratories taught ’ 
by solitary methods . 

A current architectural trend may Increase the size of the typical 

laboratory by combining several classes under the direction of labora- 

2 

tory assistants. Son^ teachers have found that solving problems as a 
class, through team research, not only reflects the current methods of 
research In Industry and government, but also excites students and 

^The team t^thod laboratory Is where an entire class divides Its 
effort on one problem. Different groups Investigate various as- 

pects of the problem) at the end of the lab, data arc combined. This 
does not Include rotation of experiments to conserve equipment expendi- 
tures, nor small team effort where many teams are doing the same ex- 
periment with Identical manipulation of variables. 

2 

National Council on Schoolhouse Construction, p. 581 cites this 



trend. 
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develops abilities necessary to function effectively as a researcher. 

The Biological Sciences Curriculum Study Laboratory Blocks are excellent 
examples of lab activities lending themselves to team research. Outdoor 
ecological surveys are also more easily done as team research. Hypo- 
thesis four Is based on the assunq)tlon that the larger the group, the 
more difficult discipline becomes and the harder It Is for each student 
to know what the other Is doing. Safety considerations would probably 
encourage teachers to do a strictly directed lab exercise so that any 
»itud«it doing something unusual would stand out among the crowd. 

X 

numbers In a laboratory might prevent teachers from taking several op- 
tions In teaching metheds. 

Hypothec Is five 

The availability f an outdoor classroom Is not significantly asso^- 
clated with the percentage of students doing Indiv idual projects. 

Hypothesis five prime (5') states that undevelope d outdoor areas 
are not significantly different than developed or landscaped out- 
, door areas In fostering Individual projects a 

i 

Since physical room for experlmenia! set -ups Is often considered 
to be a limiting factor for Individual projects, outdoor arca>3 appear 
to be Ideal for such work. Easy student access to the laboratory i after 
school time, would also be provided If students were doing outsldt work. 
Undeveloped creas could be more protected and less likely to have van- 
dalism, since access would be difficult and projects hidden by natural 
cover. Furthermore, undeveloped areas might present a wider range of 



problems for student investigation. 

Hypothesis six 

The occurrence of at least one outdoor. Inquiry study Is not lore 
frequent with those teachers having undeveloped areas for Instruc- 
tion as compared with those having only developed or landscaped 
areas. 

The Investigation of this hypothesis will reveal if teachers re- 
spond to opportunities on school sites. It W€us felt that probleio- 
solving, Inquiry studies could be done more easily In undeveloped areas. 

Other than using outdoor areas for Inquiry, teachers could respond that: 

1) they held only verifying nature walks, 2) they did not use the 
outdoors at all, or 3) outdoor work was not relevant to the course. 

The Interviewer would automatically assume that outdoor areas could be 
relevant for Introductory earth science and first year biology courses. 

Some advanced biology courses in anatomy and physiology or courses In 
non-blologlcal disciplines could respond that It was not relevant, but 
such second courses were not coimncm. The analysis will not Include re- 

I 

spoxises claiming Irrelevancy. ; 

* t 

Hypothesis seven 

Individual study does not occur with different frequencies when 
spaces are available and when spaces are not available for re- 
taining experimental set-ups . 

Architects and educational consultants have long been advocating 
separate cubicles or areas where Individual experiments con occur In 
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undisturbed fashion. Hypothesis seven teats If such spaces are utilised 
and If they stlsulate project work* Sone analyses will omit responses 
of one hundred percent frequencies to avoid the dubious Interpretation 
of coa^ulsory, of tea poor quality science fair project work. Of course , 
other analyses will Include such rebponses. 

Hypothesis eight 

There Is no significant difference In the frequency w ith which wet 

Inquiry techniques are practiced as the modal method in ninth 

sy 5 hems hov * 

flrade biology when the class Is given InAthree or four-six year 

hlph schools . 

A trend exists In science education that offers twelfth grade elec- 
tives. For a student to take biology, chemistry and pnyslcs, this 
twelfth grade course often requires the science-prone student to take 
biology In the ninth grade. Because biology laboratory Instruction 
often makes use of expensive ancillary facilities or outdoor areas, such 
facilities might be too expensive for junior high or middle schools to 
flimish for a small group of ninth grade biology students. Therefore, 

It was predicted that students taking biology In the ninth grade away 
froa. senior high facilities would get an ln)everlshed Inquiry lab pro- 
gram. This Is particularly significant when one considers that the 
academically best science students get the Impoverished program. The 
hypothesis tests to see if this Is what Is actually happening -Ji schools. 

Hypothesis nine 

There Is no significant difference In the frequency with which flliwt 
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are ghown In classes nomally Meeting in roo niB equipped for sub- 
dued llght^ and those providing no darkenin g whataoever. (This 
was modified following trials to Include a third, Intermediate 
categoryi *^poorly daritenedi” to give an ordinal scale*) 

It was fel that the considerable effort Involved In changing 
rooms for the showing of a film would deter a teacher frbm showing films. 
The poor quality of the Image In a well-lit room would probably de- 
crease the benefit students obtained from a film. 

Hypothesis ten 

T.Mher. having closed circuit television facl lltle. u». t.le- 
vl.lon no »>re than thoge using broadcaat t elOTislon. 

One educational consultant wished to know 11 the expense of closed 
circuit television was "Justified" by Its use. It would appear that 
closed circuit operation offers nich versatility through delayed broad- 
casting, showing of films In well-lit rooma, and In giving de«)nstra-\ 
tlons to large groups. Broadcast television would seem to suffer from 
a lack of pertinence and difficulty in synchronization with class 

schedules 0 



Hypothesis eleven 




^Thls does not mean rheostat regulation of light. The intention 
of the phrase is to allow classification, under this option, of those 
rooms not having complete darkness, but where color films can be seen 
well. Color films were thought the most difficult to see. 
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cowpared to cla»«ro<m gtorage . 

The duplication of equlpnent because of artificial distinctions be- 
tween subject areas and the tendency of teachers to hoard precious 
equlpnent could tend to raise departnental expenditures* It was sus- 

I 

pected that centralized storage would ellmlna the need for duplica- 
tion of Inventories In Items such as chemlcalsy balances y ' glassware y 
ring stands y and glass tubing* 

Hypothesis twelve 

There Is no slgiilflcant difference In the modal use of plants for 
experimentation^ when students have access to a greenhouse . 

This hypothesis reflects the notion that greenhouses y especially 
eoonomloal oneSy are too difficult to maintain and are generally In 
disuse. Furthermoroy where greenhouses are In usey they are probably 
poor places In which to conduct an experiment. It Is difficult to con- 
trol conditions In a greenhouse. For better environmental control , ar- 
tificial Illumination can be used In place of sunlight for the growing 
of plants.^ Data collected under this hypothesis could be used to sup- 
port the recommendation that schools construct artificially Illuminated 
growth chambers rather than greenhouses. 



^In other words y when plants are used In a course y are they mainly 
used for experiments? Nodal use does not refer to all organisms used. 

p 

Homemade growth chambers are urged as equipment In Arnold B. Grob- 
man et al. BSCS Biology — Inplementatlon In the Schools (Biological 
Science Curriculum Study Bulletin No. 3 1 Boulder, Colorado: Biological 

Sciences Curriculum Study y 1964), pp. <Uy 33* 




, A 1 > j 'V y- O, 3-t*. M 
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HypotheslB thirteen 

There Is no significant difference In modal [■et hodg of dry 
d«>»M*wtratlon versus wet Iftb when a mrabl e, coiwnerelal growth 
ch*”^er Is avallahle__for_use > 

The tendency to rely upon a snail connerclal growth ohanber for 
growing living plant paterlal was thought to encourage deiwnstratlon or 
dry laboratory techniques since a class could rarely do all of its work 
in one expulsive growth choart)er. Various analyses were done since som 
chambers were present where a greenhouse or large homemade growth area 

existed. 



L 
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Hypothesis fourte«i 

Teachers not having their own laboratory rooms do not xeach dif:i 



ferentlv regarding process-inquiry techniques as a modal method, 
in comparison with those who have their o wn laboratories o 
It appears that many school designers have os a goal high percent- 
ages of utilization of space. As more teachers are scheduled in var- 



ious rooms in order to increase room utilization, there may be signi- 
ficant reduction in the efflclaicy with which laboratory programs can 
operate. The heart of any inquiry or process centered science course 
is the laboratory. Any interferwice with conducting a large amount of 



laboratory will encourage teachers to revert to the less demanding pro- 

1 



duct centered curriculum. 



^Product centered curricula present the end products of research 
or the conclusloTjs of scientific endeavor. Teaching is concerned with 






Three general con^lderatlona indicate that haring one 'a own roon 
would facilitate inquiry teaching. First, the inquiry laboratory tends 
to be messy and often to hare equipment left standing. This would annoy 
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other teachers, espeeially non-science teachers, who would share the 
room. Oft«i science teachers and assistants would like to clean desks 
and boiches after a lengthy lab exercise which left no time to clean up 
during the period. One camiot do this if another teacher's class oen- 
renes in five minutes. 

Second, logistics present such problems with inquiry lab courses 
that teachers mast be well organised. If a teacher had to carry his 
orders, packing slips, lesson plans, experimeit schedules, homework 
assignments, texts, and references under his arm from room to room, 
he would be less able to prepare for laboratory work. At the very 
least, an inquiry teacher needs his own desk in a room where he can work 
without annoying other teachers. 

Third, the atmosphere of an inquiry class is extremely lnq)ortant. 

If science is to be presented as an act of inquiry, then exasq>les of 
inquiring should permeate the room with the smells, sounds, and sights 
of experimentation. In dmirahle me de raticm these will not be obmexieus 



gerttlng students to master a body of facts or concepts. This distinc- 
tion between product centered versus process centered courses is dis- 
cussed in the following references: 

David ^gelhardt, pp. 14-19, 21-45. 

Joseph J. Schwab, "The Teaching of Science as Enquiry." 

Oregon, State Department of Education, The Division of Education 
Development, The Structure of Knowledge and The Nature of Inquiry iji 
Report of the 1964 Oregon Program Woikshop for The Oregon Progrwa : Ji 
Design for the Improvement of Educatien i Salem, Oregon: State Depart- 

ment of Educatlwi, 1965 ) t PP* 17'*16. 
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for the students and teachers concerned with the activities. However , 
pressure from other teachers often prevents a laboratory from becoming 
a stiinulatlng place in which to do science. 

Hypothesis flfteoi 

The number of periods devoted to wet laboratory In earth science 
and biology la associated with the size of the largeat sink in the 
laboratory . 

This hypothesis was made part of the study In half seriousness. 
Nevertheless^ the hyj>othesls was based on experience with small, inad- 
equate sinks and with other teachers who cosQ)lained that their students 
could not clean after labs because of a shortage In sink space. The 
hypothesis, if found to be rejected In null form, could show that 
a small feature of lab design might Influence a teacher's attitude to- 
ward lab woiic. 

Hypothesis sixteen 

When physics teachers are asked if they feel limited in the nufnb«^r 
and type of optical experiments, the frequency of response — yes 
or no — Is not significantly different for those teachers teach- 
ing In rooms which can be darkened from those teaching In rooms 
with no (or inefficient) daiicenlng equipment . 

The use of the hypothesis evaluates an aspect of the general 
thought that sunlight Is more of a contaminant, than a useful adjunct 
to science rooms. The use of skylights and large windows may be a sig- 
nificant fault in new science construction! the prevalence of this 
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annoyance 1» being tested* The field of optics Is being neglected 
currently In «any physics courses, and possibly any architectural trends 
fostering this neglect should b^ revealed. Note that If the teacher 
does not desire to discuss optics, he Is unqualified to answer ”yes»» 

In this question. The question atteiqpts to reveal If the presence of 
light Is a limiting factor, but any unconscious Influence on the teacher 
to avoid optical experiments would reduce the correlation.^ 

Ifypothesls seventeen 

The proportion of teachers having an undirected wet lab for most 
students at least once per year Is net significantly different 

^ea yared regarding the ex lst^ce_ef^ 
centralized storage In their sclwice departments . 

Although scientific research often depends upon lq)reTlslng new 
tools, schools do pudce heavy, legitimate demands on those responsible 
for supplies and equipment. The logistics of undirected laboratories 
la the most difficult of supply problems since students may wish to use 
a wide variety of xinantlclpated equipment. Often this equipment Is 
needed quickly or a class period, afternoon, week or month may be 
wasted while waiting for the equipment to be procured* 

^The question might have read, how many exercises do you conduct 
using optical phenomena as variables? This wording suffers from the 
problem of general disregard of optics In physics courses today. 

^Centralized storage refers to a stockroom shared by teachers or 
lab assistants of chemistry, biology, physics and possibly earth sci- 
ence. Specialized equipment and specimens pertaining to one discipline 
may be stored In another roomo 




39 



PoaslbSy, access to a central supply of ItfMis would make a wide 
variety of equipment readily available to a student who may need tub- 
ing f a ring stand y a balancey or ii^ome other coainon Item* The demand 
for several of the same items may come at tho same time from one classf 
the central supply room could supply In quantity since items would not 
be thinly scattered throughout the department. 

Hypothesis eighteen 

After hour student access to facilities is not significantly as- 
sociated with the frequency ot* vet lab methods as the modal teach- 
ing technique of those students ■' teachers . Hypothesis eighteen 
prime (18* ) concerns itself with the frequency of wet, Inquiry lab 
methods under the same conditions of student access. 

The study of this hypothesis seekjs Information on the possible 
effect of designing security of buildings so that "honor” students could 
work on certain projects or maintain living organisms without teacher 
supervision. Scientific Investigation does not result in convenient 
schedules. Vacation periods and weekends may be important work periods 
for some projects. Teachers, if not reimmerated, should not be expected 
to devote extra hours to supervision of such pi*ojects. It was assumed 
that most schools would not pay teachers for this extra duty, and that 
despite liability laws^ It appeared that a few schools ware allowing 
students to work without supervision. It was hoped that the effect of 



^After hour access also requires students to be unsupervised ex- 
cept possibly having a custodian In the building. 






this student access might Influence general class curriculum as well 
as project work. The Influence might be felt through the maintenance 
of living organisms for use In class. 

Hypothesis nineteen 

After hour access to facilities by teachers fa not significantly 
associated nlth the frequency of wet laboratory methods as the 
modal teaching technique . Hypothesis nineteen prime (19') states 
that after hour access to facilities by teachers does not slbnlfl- 
cantly alter the frequency of wet. Inquiry lab methods as the mo^ 
dal teaching tectolque . 

With le'tM»ratory oriented courses y especially Inquiry courses, 
teachers may have to devote long hours of preparation beyond normal 
school hours. The teacher may wish to choose his hours and not conqplete 
all prepcuratlon before going home from the regular school day. Often 
experiments need tending, cr forgotten chores need to be done at odd 
times when custodians may not be around. Having to sign out a tenq>orary 
key (or having to prearrange entrance wita a custodian) does not allow 
a teacher needed flexibility. Rather than making a difficult Job eas- 
ier, refusal to Issue keys to teachers, especially to new teachers, may 
make a lab-centered course nearly inq>osslble to teach. The Investigation 
of the hypotheses atteiq)ts to see If the above Ideas are significantly 
accurate In reflecting the actual situation. Implications for art;hl*- 
tecture would Involve separate security for the science department or 
at least separate security for some areas such as the vivarium. 
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Hypothesis tw«ity 

There Is no difference between frequencies of wet , dry^ and no lab 
as modal actlvltl«is^ and process-inciulry technique s when biology 
teachers use one certain type of Hying organis m for the majority, 
of laboratory tine . 

This Is the only hypothesis requiring a three variable crossbreak ^ 

The third variable ^ type of organism^ Is divided Into mlcroorganlswB, 

2 

plants, and animals as specified In the Intervleiir schedule. The 
thought behind this hypothesis Is that certain types of organisms are 
easier to handle In laboratory work. If one Is designing -^ciliary 
biological facilities and cannot afferd a microbiological chamber, an 
animal room, and a plant room — which one would foster more experimen- 
tation? It was felt that animals are the hardest and most frustrating 
organism with which to work. It was also felt that microorganisms have 
not been used to their fullest possibilities, In part due to lack of 
teacher training in microbiology. Plant physiology experiments done by 
the author gave Hse to the Idea that plants are generally underestim- 
ated as "Interest getters" In high school biology. 

All of the above hypotheses were proposed before the final survey 
work began. Only a few were changed following the visits involving the 
trial Interviews and these changes have been noted. Anecdotal remarks. 

^If any lab Is done. It should be classified as to whether It was 
wet or dry most of the time. 

^Appendix A of this paper contains the Interview schedule, the 
pertinent column answer number Is sixty- three. 
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In the dt. a files hare led the Investigator to isodlfy som original 
thoughts, but such ■sdlflcatlon has not Influenced the strict adherence 
to testing the original hypotheses. If additional correlational stud- 
ies are done, this will be noted as an ex post facto hypothesis In the 
analysis section. Such hypotheses are only useful In that they suggest 
opinions to be tested In fhture studies. 
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CHAPTER II 
RESEARCH DESIGN 

Ex Post Facto Design Liwitatlontf 

The llnltatlons of the basic research design used In this thesis 
have been previously described.^ A roost liiq)ortant limitation Is the 

’ 

lack of control over contaminating variables. Although some atteinjt Is 
made to hold certain factors constant when conQ)arlng apace with teach- 

'i 

A 

Ing methods) many factors were not controlled In this manner. Further- | 

more , some alternative Interpretations could never be ruled out by ex | 

post facto techniques. Without randomization of teachers among various 

2 

facilities no causal Inferences are justified. Nevertheless, with 
certain relations being predicted prior to the survey, It would seem * 

that causation may be plausible following the discovery of supportive 
associations. 

Sampling and Nomination Procedures ^ 

This study Involved schools from five Northeastern States: 



^ Supra, pp, 15-17* 

^Randomization avoids the possibility that teachers hid selected 
facilities which appealed to them. More sophisticated designs — e,g,, 
rotating teachers among facilities — could also be done If a few yea»*s 
were taken for the research. It may be that only certain types of 
school systems would ever permit randomization — ** a factor which Is 
possibly more serious than the lack of control In the present study. 





Je«ey, New Yoric, Connecticut, Mae.ochueett. , and Hanpahlre. 
Gonerallxatlon to other sections ot the country -ay not be legltlauite 
since this region night have peculiar factors Influencing teaching 
style and student attitudes. The five states allowed convenient travel 
and yet gave a wide diversity of conditions. Bural, suburban, and urban 
schools were studied. The states often provided slnllar cossainltles 
with various degrees of state ad and supervision. The nomination pro- 
cedure Involved several education officials from each state. Solici- 
ting nominations from several states mlniaxed the Influence of any 
particular bias held by one state departmait's personnel. 

The purpose of this study has Influenced the choice of sampling 
technique. This research Is Intended to provide Information for archi- 
tects and educational consultants who wish to modify their practices 
to design better schools. It was felt that Judgments concerning future 
construction of school science facilities should bo based on experience 
with schools that have been recognised as doing commendable work, con- 
sidering their types of eoamamltles and students. Therefore, this 
study reflects associations between good science teaching and archltec 
tural characteristics. It would seem foolish to base recommendations 
for scla.ce facility construction on severely overcrowded classrooms, 
regular first courses In science subjects taught without laboratory, 
under provisional certification, teaching under budgets that 



1/Uthough the Intention was to study schools haying exempla^ 
science departments, nominations could have been based on ove 
ru“™ st^dards. Such selection Is Justifiable since science should 

not be stressed to the detrl«ent of other subjects. 
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prohibit roglonally appropriate ealarlea, or Inatructlon done by lethar 
glc teachers. In siunuiry, the study wishes to gain understanding of 



architectural Influences under optlnal conditions. 

The testing of hypotheses under such conditions Increased the task 
of the Investigator - the relectlon of the null hypotheses. It would 
have been relatively easy to associate lecture type of teaching with 
poor laboratory conditions and Indlf.erent teachers who may not have 
had training In science. Such teachers have practically no choice but 
to lecture. The hartest test of the general hypothesis eccurs when a 
teacher apparently dees have the eptlen of teaching by any nethods. 

Since 1958 eur nation has spent large anounts of neney In science 
Instruction. The design of science facilities clunged to reflect -ore 
active student participation. It was felt that design studies should x 
not Investigate obvious Inpedlnents of old architecture, but should 
Investigate current architectural practices. For this reason, visits 
were planned to only those schools which had opened since January I960 

or had undergone major renovation since that date. 

Another reason why schools were not selected at random still 



■alns. The reason is found In being prepared to answer the following 
objection to the study. 

Your study Involved teachers who were Influenced by facilities, but 
nr schoo/systen hires only the best teachers. My teachera will 
Sprovlse wLre ethers would give up. Facilities do not^lnfluence 
teachers who are trained properly and who have enthuslasa. 

The design of the saspllng technique would allow the following reply 
to the objection: 
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It would be hard to find better teachers than were Included In our 
survey. The Project Interviewed science teachers who, as a group, 
one would expect to find In the best science departments of the re- 
glon^ The Project did not interview all of the region’s good science 
teachers, by any means. However, the nomination procedure greatly 
limited the number of poor science teachers interviewed. Further- 
more, the selection of schools to be visited was based on decisions 
made by administrative personnel, probably using the same rough 
evaluative techniques that superintendents use when hiring personnel. 

The judgment of what is considered a good science department or a 
good science teacher Is very subjective. Since most teachers are hired 
by administrative personnel, it was felt that ouch personnel should nom- 
inate the schools. iU though the criteria are vague, it would appear 
that out of the many good schools in a state, approximately ten schools 
could be nominated so that the Project would avoid mediocre teachers 
and departments. 

With the aid of each state’s education departmMit, schools were 
selected from among the most exemplary high schools in that state. The 
letter requesting nominations gave the following guidelines for selec- 
tion. 



Since this study may be used to guide the design of future archi- 
tectural spaces, and since the findings should lead to improved 
educational specifications, we are examining only the more success- 
ful exanq)les of school design In which we hope to find a variety 
of teaching methods and facilities. It would be advantageous for 
us to Investigate a variety of urban, suburban, and rural schools 
as long as each high school may serve as an exaiq)le for some others 

to follow. 

Other than being exenqjlary high schools in educational reputation, as 
well as architectural reputation, the nominated .chools were supposed 
to meet two other criteria: 

1) They should be three or four year public high schools. 
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2 ) The building aust have been built since I 960 or the science 
facilities In older buildings mst have undergone na.^or reno- 
vation since 1960* 

In aome sparsely settled areas | six year high schools were nominated 
and were Included In the study. Although no junior high schools were 
nominated^ sopie were visited because they fed a nominated three year 
senior high school. Criteria for what an exeqilary school should be 
were left up to the state department's staff| except as restricted 
above. 

All five states contacted replied with nominations, usually saying 
they could supply many more names. The states were selected to give a 
wide, but a regional range of communities, resources, and state con- 
trol. The states Included In the survey are listed In Table One with 
the number of high schools each nominated. 

All schools were Included In the sample, although there were four- 
teen more than anticipated. However, as will be discussed later, five 
of these schools were not visited — one from New Jersey , two from New 
York, and two from Massachusetts . Only one of these resulted from a 
refusal to participate.^ 

^Because the Investigator would not reveal the sources of nomina- 
tions, the Superintendent of Norwich, New York declined to partici- 
pate. 



TABLE 1 



NUMBER OF SCHOOLS NOMINATED 
BY EACH STATE 

Nunber of 



State Schools 

New Hcuq>shire* ^2 

Massachusetts* ••••••••••••13 

Connecticut* 12 

New York 13 

New Jersey ••••••IB 

Total schools nominated 64 

Total schools visited 59 



Interview Technique 
Reasons for the Method 

Persons Involved 

It was not difficult to devise a method for measuring the Inde- 
pendent variables* This Information could be obtained by questionnaire 
or by direct visitation, the latter pcaslbly giving more validity . 
Teachers may not report available facilities because they have not used 
them, or teachers may not know that facilities exist. 

The choice of a method for measuring the dependent variable. 



^If a teacher did not feel that he could gain entrance to the 
school or If he did not know a television was available for his use, 
his negative answers were considered valid even though the burglar 
alarm could be deactivated or a television was hidden In the audio- 
visual stockroom* However, If the teacher denied the existence of an 
obvious facility such as a pond, marsh or woods, the negative answer 
was revised to Indicate the presence of this facility* 
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Inatructlon®! Method ^ wee wore difficult* 

Oddly enough, aaking teachers about their teaching Methods is not 
the usual way to deter«ino what is happening in a classroon. In fact, 
several teachers asked why I did not obtain my answers fro« watching 
then* Certainly, observation could have been one alternative to the in- 
terview schedule* There are, however, several disadvantages to the ob- 
servational technique. First, it takes nuch nore tine to gain any In- 
formation by watching the slow development of a lesson* Second, few 
mechanical techniques have been perfected that reveal significant but 
subtle nuances in teaching techniques* Observers still must use in- 
tuition and skillful insight when determining what a teacher is trying 
to do*^ Thlrdt even given well trained observers^ observations would 
have to occur for many periods throughout the school year in order to 
get relevant data* These visits ought not to be random, unless they 
occurred as frequently as two per week per class* One must realize that 
teaching methods are not randomly scattered throughout the year? some 
blocks of lab are followed by a long period of no lab at all* The 



closest observer who could do such constant observation is the science 






^The reluctance to rely on teachers for valid answers Probably 
stems from some supervisory practices where certain answers could bene- 

fit a teacher. 



^successful or not, what a teacher attempts to do with a cIms Is 
the dependent variable. Ifi after a trying period 

qulry lab with a group of unresponsive students, a teac.i g , 

swe^to the problem - the class Is still tensed a iry inquiry 1“^ f" 
this research. It is felt that teacher training . 

modify such an approach So that It becomes successful . The 
factor Is that the teacher Is trying such a method as his modal tech- 

nique* 
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department chairman (if he has no teaching load and few administrative 
duties)* Nevertheless, he Is not trained In a standard fashion for 
carrying out such observations. The chairman has imjch to lose and 
little to gain In revealing his personal evaluation of his teachers to 
a strangerp^ No matter -;ho does the observing, such a method would be 
liq>ractlcal — possibly only valid after exhaustive training and test- 
ing of an observation staff. 

Another alternative ,eethod could Involve students as the respond- 
oit to an Instrument or as the observer. Questions could be worded 
possibly to avoid concepts which students did not comprehend, but this 
does not guarantee valid perception of what was happening In class. 
Interviews could probe when misunderstanding was e\'ldent, but to In- 
tervlew a large number of students for one teacher poses tremendous \ 
time problems. Purthensore, administrators probably would frown on 
such a disturbing survey taking place In their schools. 

It was decided that teachers would have little to lose If they 
cooperated In the survey | and that If they could be convinced of this, 
teachers would be the best Informants or their own behavior and their 
Intents.^ It remained to decide how one could best elicit cooperation 

^In two cases, teachers were excluded from the survey because 
their answers were obviously fictitious. These suspicions were con- 
flrmed by the department chairman. One teacher asked the chaliman what 
he shovild say and proceeded to reply as if he were doing experiments 
constantly, where only window sills and tablet arm chairs p'^ovlded work- 
ing space. Another teacher claimed he was teaching a course not as- 
signed to him. 

^To some extent, Iwiiedlate Intentions were considered behavior < 
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from teachers o 

Mode of data gathering 

Teachers could have been asked about their teaching methods elth«|^ 
by questionnaire or interview. A mailed questionnaire was not chosen, 
even though such a technique would have enabled the sai^ple to be larger 
and have national distribution. The interview was chosen* for three 
major reasons. 

First, with many questionnaires burdening teachers from other re- 
seai*ch projects, a low return rate could be anticipated with dubious 
interpretations of data gathered. On the other hand, most teachers 
would willingly talk with someone who spent time and money traveling 
to see them.^ 

Second, questions may be Interpreted in a mistaken manner. The 
Interviewer, while remaining unbiased, could explain the intention of 
the question or probe answers if apparent inconsistencies occur. If a 
teacher's situation is peculiar, the Interviewer is In an excellent 
position to decide if a non-rclevant blank answer would be appropriate r 



if an inquiry lesson was poorly handled by the teacher, a student or ob- 
server might think thax it was just an Ignorant teacher not knowing what 
he was suroosed to teach. Students may not respond to Inquiry techniques 
and may cause the teccher to eventually change his technique. In this 
case. It was the original teaching strategy for every class period which 
would be considered valid for determining modal teaching method. 

nickel is the expense a teacher sees connected with the mailing 
of a questionnaire. Interviewing on a tight schedule shows effort is 
being expended — often missing lunch or starting as early as 7:30 A.M. 

In some cases, it cost fifteen dollars to interview each teacher in an 
isolated school because of air fare, hotel expenses and ground trans- 
portation. 
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Third, It woM anticipated thtot «uch could be gained fro« anecdotal 
reiDarka> Such reaarka coul’d be More Meaningful If gathered during a 
discussion , rather than appearing as short reMai> ^ mailed for*. 

Anecdotal remarics certainly proved to yield 1 i suggestions for 

future design, but fonnal analysis or even « cf these reMarks 

will h«we to coMe after the writing of this thesis."^ 



The Interview Itself 
2 

The 494 structured Interviews were conducted In seMl**conversa- 
tlonal style and Individually with all but four teachers. The eiwlron- 
m^t of the \nte'^if^ew was dependmt on available room In the various 
schools, but Most adMlnlstrators tried to provide private facilities* 

Less than thirty teach -rs were necessarily Interviewed In rooms with 
othersi some were Interviewed In study halls or laboratory periods f 
many were Interviewed on their own suggestion over coffee In the teach* 
ers’ lounge. None of these situations put any noticeable pressure on 

the teacher to answer In any one manner. 

Four teachers were Interviewed In pal.rs^ the department heads had 

.Hi 

picked good friends for these pairs. To ease this situation, made 



^Significant trends and errors In ventilation were detected 
through anecdotal remarks. The relationships of vocational agricul- 
tural facilities and rural environments with science Instruction were 
also explored. Trends In science project work were also detected. 
Equipment Installation often revealed gross misunderstandings on the 
part of manufacturers. Administrative procedures also were noted where 
they might prevent certain nodes of teaching. 

2 

A copy appears In Appendix A. 
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necessary by scheduling problensi the Interviewer chose different levels 
of students with which each teacher concerned hliBself. Since each teach- 
er would be talking about a different type of clasSy the teachers would 
not need to coapete for prestige by giving biased answers. 

Each Interview laf^ted twenty to thirty minutes. A tour of the fa- 
cilities usually followeil the Interviews | sometimes a brief walk through 
the facilities prv'ceded the Interviews* Most teachers were Interviewed 
during their free "planning” periods | never was a teacher kept after 
school unless he usually stayed after school* Up to twelve teachers 
would be Interviewed In one day. Visits to schools were limited to 
one day If all teachers of tenth through twelfth grade subjects and 
teachers of ninth grade biology could be Interviewed*^ Some schools 
were small enough that eeurth scl^ce teachers, regardless of grade, 
could be Interviewed* In some cases y general science teachers were In- 
terviewed to avoid slighting these teachers when everyone else was in- 
volved In the study* 

Questions concerning non**spatlsl snd spstlal Independent variables 

2 

were asked prior to questions regarding teaching methods. This proce- 
dure, along with a small Introduction explaining the purposes of the 

^Interviews at Darien, Connecticut were not completed because of 
limitations In time. Teachers of physics, advanced courses and one 
biology course were Intervewed. 

^Only with two teachers was the order reversed In order to ask 
questions not answerable through observation* This was done when In- 
terviewing was behind schedule and teachers would not be available at 
another time. 






research, put vhe teacher at ease before he was asked about teaching 
methods. Anecdotal remarries were recorded during Interviews as well as 
after school. Often department chairmen and some teachers would stay 
a few hours discussing design and curricular problems. Although some 
rese^irchers would feel that such Intei^^course Is not legitimate for ln> 
tervlew studies t this period of discussion was thought proper since It 
returned the favor granted the Project by the administration. In no 
way did these discussions influence answers to the Interviews which had 
occurred previously that day. When In conference with principals, the 
Interviewer was careful not to betray confidences assumed by the teach* 
ers interviewed. 



Analytical Procedures 

The results of the statistical analysis will be given In Chapw;er 
Four, The general procedure for that analysis will be discussed In this 
section. 

Analyses were mainly confuted by International Business Machine 
7090/94 programs operating under the standard Fortran Monitoring Sys- 
tem, The programs are explainer! In manuals for the Data-Text System^ 

2 

and The Multivariate Statistical Analyser. The latter program, except 
for Its INCOMPLETE R routine, proved too cumbersome to use except In 



^Arthur S. Couch, Data-Text System; Preliminary Manual (Cambridge, 
Massachusetts: Department of Social Relations, Harvard University, 

1967). 



Kenneth J, Jones ^ The Multivariate Statistical Analyser (Cambridge 
Massachusetts: By the author,' 19 ^' 4 ) • This system Is abbreviated *'MSA,” 
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preliminary analyses,^ One of the main advantages of the Data-Text Sys- 
tem was that each variable weus analyzed only on the basis of those teach- 
ers of schools supplying information. Blank answers signifying irrele- 
vancy or non-availability of Information were ignored! this gwe rise . 
to frequent changes in the population size. Another advantage of Data- 
Text was that variables could be created easily by redefining old data 
variables. This was especially helpful in creating ordinal or nominal 
data from interval scales of wide range. 

Most analyses performed were non-parametrlc tests chosen prior to 
gathering the data. Appropriate changes in procedures were necessary 
to adapt for group sizes or unexpected distributions. Because some co- 
efficients of association, such as tau C, may not be familiar to some 
readers, other tests may have been done with the data concurrently. 
Usually the scales of assoclational measures have the same end points, 
but have different intervals —this fact makes it dangerous to judge 
the value of a tau C coefficient in comparison to other educational re- 
search giving contlng'jicy coefficients. 

The data w«r«. screened first for significant associations between 
dependent variables (methods) and non-spatial Independent variables# 
Although computer routines would calculate Pearsonlan product— momtnt 
correlation coefficients and match their significance levels at either 
,01 or .05 probability, the tests often would actually be a point 

^Most MSA routines would count blank fields as zeros. This would 
distort most statistics Involved with the present study. 






blserlal correlation.^ Those non»8patlal variables having a relation- 



ship of .01 significance or better were selected as specifiers (non- 
parametrlc covariables) in subsequent analyses involving that specific 
dependent variable. In some cases , intuition or tetrachoric correla- 
tions provided leads to significant specifiers which had violated the 
assumptions of the F'earsonlan product-moment correlation *and had not 

given significant coefficients. The continued use of a specifier de- 

2 

pended on its performance during the final analyses of crossbreaks 
between spatial and dependent variables. Therefore, the fulfillment of 
all data assumptions involved in the selection procedures of non-spatlal 
specifiers was not critical. 

Following the determination of significant specifiers, these non- 



into nominal and ordinal categories for use with contingency tables. 

The specifier never appears as a variable on any one contingency table, 
for the specifier states what condition a teacher must fulfill before 
that teacher's answer is placed in the table. The specifier establish- 
es the conditions under which the £Uialysis is being made. Non-spatlal 

■ 

^Although their tests of significance do differ, the correlation- 
al measures are identical. The tests of significance are so similar, 
that for ^preliminary screening of relevant non-spatial variables, com- 
puter results were used. 



is a numerical tabular presentation of data, usually in frequency or per 
centage form, in which variables are Juxtaposed In order to study the re 
latlons between them." This refers mainly to Fisher exact test tables 
or chi-square tables in the immediate case. 



spatial variables (usually interval in nature) were divided logically 




T 



p. 625» gives a definition of this term, "A crossbreak 
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variables form the third through nib dimensions In a specified crossbreak 
table* 

The size of the Interval In the nib dimension would determine the 
size of cell groups In the various contingency tables scattered along 
the nib dimension. Some crossbreaks may have several pertinent non- 
spatlal variables. Small Intervals In each one of these non-spatlal 
variables would make group sizes too small for legitimate analysis. 

Yet, other crossbreaks may have only one pertinent specifier. This 
latter crossbreak could bwieflt from added ordinal Information by hav“ 
Ing small Intervals In the non-spatlal variable. So It will be seen 
that the original data denoted In ^pendlx A by the value X(l...n) Is 
often redefined Into new variables, denoted by VAB(l...n’)« For the 
purpose of maximizing cell size but retaining as many subdivisions as 
possible, a variety of scales for the variables has been made. Appendix 
B gives the recodlngs of the variables, Including some not used In 
final analyses. 

A serious objection can be raised to multiple subdivisions of In- 
terval ranges. If the subdivisions are not logical, spuriously high 
assoclatlonal values may result. All variable subdivisions In this 

^For exaiqile, the number of preparations per day (X-I 7 ) varies 
from one through five. This small Interval scale Is correlated with 
Inquiring lab centered course work, rather than verifying work (X-55). 
Xdy) Is correlated also with a course being inquiry-oriented (but not 
possibly wet lab centered ~ X-44). The latter Item correlates with 
three other non-spatlal variables, whereas X(55) has no other non-spa- 
tlal correlates. With the same population. It Is obvious that of the 
two variables, X(44) and X(55)» X(44) Is more sensitive to subdivisions 
of X(17). X(44) must have large group sizes for three remaining cross- 

breaks . 

o 
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have been made as follows! 1) with a priori reasons based on 
teaching experience) 2) by Intuition prior to the survey) or 3) at 
accepted statistical points such os the nean, aedlan, nodes, extreme 
tails, or at 0.5 or 1.0 standard deviation. Each appropriate variation 
Is tried as a specifier to see If cell sixes, significance levels, and 
assoclatlonal values benefit from one specific breakdown.- Purthemore, 
the more elaborate breakdown of one variable nay yield higher assocla- 
tlonal values than dlchotonous breakdown of two separate variables. 

Each hypothesis Is first tested with every variation of the In- 
dependent spatial variable and the dependent variable without non-spatlol 
specifications. Even If this does not show a significant correlation, 
various crossbreaks aiv tried next. Each non-spatlal variable Is added 
to the "unspecified" contingency table. From the assoclatlonal values 
among various specified conditions lor contingency analysis, the best 
values are taken. To these three dimensional crossbreaks Is added a 
fourth variable (the second non-spatlal variable). This selection con- 
tinues until cell sizes drop too low lor legitimate analysis. The speci- 
fiers are then presented as conditions under which architectural space 
becomes limiting. Actually, architectural space never becomes the one 
Xlmltlng condition since teaching method Is not perfectly predictable 
from design characteristics. 

Applications of Conclusions 
Use of Foimal Analysis 

The formal analysis performed In this thesis has followed some 



statistical guide lines which may have limited the conclusions drawn 
from all the available data. This attenq>t at fulfilling the assump- 
tions, Involved with tests or experimental design, has allowed stronger 
conclusions to be made without undue reservations. The purpose of the 
formal analysis is to produce conclusions useful In four ways. 

First, architects and others could use evidence, produced by this 
research, to support their requests for more complete educational speci- 
fications. The general hypothesis reflects the primary purpose of the 
research — to establish that science facilities are associated with 
science teaching methods at the secondary school level. 

With the rationale supplied. It Is plausible that a causal coiuiec- 
tlon underlies the significant associations found. Even with alterna- 
tive Inteipretatlons , there still remains an association.^ Essentially, 
the establishment of a significant association allows an administrator 
to predict what teachers will be doing several years hence In a build- 
ing which may last decades. Low euisoclatlonal values reflr*ct that other 
factors also must be considered, but that these other factors need not 
be known to exercise one's best Judgement In the sphere of architectural 
design. To delay exercising knowledge in the architectural spherb un*^ 
til coiiq)lete understanding Is gained may well result In creating rather 



^The term, "association," is used since "correlation" is usually 
reserved for parametric statistical analyses. Most analyses In this 
thesis are non-parametrlc . 



pernanent laq>edlnent8 to teaching.^ If architectural characteristics 
foster certain types of teachlngf administrators (and curricular pro- 
jects) might spend more time planning facilities In accordance with the 

2 

model for drafting educational specifications. 

Second, science staff members In schools could use the recruits of 
this survey to show “easons for their requests. During the drafting of 
educational specifications, opinions of science staff members often are 
not appreciated. Some of these opinions may have to be revised In light 
of a larger saiq>llng of experience | otner oplnlcms may find support In 
this survey. This research should aid In the translation of education- 
al specifications to architectural design. This translation, although 
prinuurlly the architect’s responsibility, should be aided by suggestions 
from persons versed in science. 

Third, architects and educational consultants can base some de- 
cisions on at least the ex post facto research done here, rather than on 
pure opinion. One in^ortart decision, which may be aided by the current 
research, concerns the relationship of laboratory space and the class- 
room. 

The statistical nature of these findings overlooks the exceptional 

•» 

staff. For Instance, one cannot say with absolute si'^rety that a green- 
house will not be used for fostering experimental work in biology — even 



The flexibility Included in many designs was an attempt to skirt 
this difficulty, however flexibility may necessitate Impediments not 
present in more specific design. 

2 

See Figure One, supra, p. 8. 
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though the presence of a greenhouse Is not highly associated with the 
experlaental use of plants. Two schools « those In VI 1 tony Connecticut 
and Keene, New HaBqpshli*e, stand out as exaaq>les where legltlnate use Is 
■ade of greenhouses. It would be unwise to weigh conclusions of this 
thesis as the only Inforaatlon upon which to base architectural deci- 
sions. In this specific case, Vlltcm's prograas would be haapered and 
teacher oarale lowered if future additions did not allow expansion of 
the greenhouse. Neyertheless, the adnlnlstrator aust realize that these 
highly aotlvated teachers nay have successors who will not use this fa- 
cility. One purpose of this research is to alert adnlnlstrators of 
possible disuse of sone facilities and to discover clrcunstances under 
which use nay or nay not be enceuraped. 

The previous exaq[)le leads to the fourth use of the research — 

working toward better utilization of facilities. If certain facilities 

are not being used as intended, substitutes^ or i^)rovenents for the 

unused facilities night be designed. The need for acquaintance with 

utilizing sone facilities nay becone apparent. Teacher training night 

include specific instruction in technological details connected with 

2 

unused facilities. 



^Vith greenhouses, large, artificial growth chambers may act as 
substitutes. 

2 

Care must be exercised in the case of gremihouse training for 
teachers. This instruction nay result in non-experinental use of the 
facility. 
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Use of Anecdotal Renarks 

Anecdotal renarks are not subject to the sane safeguards as are 
conclusions derived from formal analysis. One objectionable feature 
Is that anecdotal remarks rarely are elicited from the entire sa^>le. 
Teachers at the start of a survey volunteer such remaxksi then the In- 
terviewer begins to question respondents on the same topic. The Inter 
view schedule In Appendix A gives exaaq>les of anecdotal remarks men- 
tioned so frequently during the trial Interviews that the information 



was coded on the questionnaire. Anecdotal i^marks will eventually be 
analyzed in conjunction with each specific hypothesis and probably will 
be published or circulated to participants as small memoranda# Two 
such topics will be concerned with ventilation and scheduling arrange- 
ments.^ 

Although anecdotal remarks lack statistical vigor, they have strong 
rational backing and are the result of a few hundred teachers 




.Hi 



^Anecdotal remarks, now on the Interview records, Indicate that 
some administrative procedures can Impede the use of certain facilities. 
One clear example involves scheduling of classes In cl ass room- laboratory 
situations. If the same teacher and students do not meet together for 
both class and lab, the usual effect seems to be non-lnqulry teaching. 
The coordination of discussion and lab, made possible by the combined 
classroom-laboratory design. Is not usually present when another tew^ 
er Is scheduled as lab Instructor or when students are mixed among dif- 
ferent teachers’ classes for double lab periods. With one chemistry 
class, a sixth period during the week was given ’’back to back” with a 
discussion period. However, the same students were not scheduled for 
both halves of the double period! It Is evident that some administra- 
tive practices act In a way which Is equivalent to having radically 
different types of facilities. Such uncontrolled factors will tend to 
reduce the assoclatlonal value found between architectural character- 
istics and methods of teaching. 
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for design of their fAcilities* At present y 
there is often no better way to make architectural decisions than to 
base one's choice on such wide and reasonable experience. 

Since the interviewer sifts anecdotal remar}^s before recording, 
the value of recommendations founded on anecdotal remarks rests purely 
on the investigator's ability and experience in the science facility 
field. Until research, even ex post facto research, investigates 
anecdotal recommendations, the reporting of collective cpinlon is the 
next best type of knowledge to be publicized. 



CHAPTER III 



REPORT ON THE INTERVIEW PHASE 

Following the development of a suitable research design, a pre- 
liminary edition of the Interview schedule was developed. Some pre- 
liminary discussion on the acceptability of the research was done with 
Nr, John Packard of the Massachusetts Department of Education, On Jan- 
uary 23 1 1967* requctsts for nominations of schools were sent td thd 
State Departments of Education,^ While waiting for replies, the in- 
vestigator began the trial survey on January 30, 1967 * 

Trial Survey 

The trial survey proved to be of benefit in establishing smooth 
administrative procedures for the scheduling of Interviews as well zs 
a period in which to revise the interview instrument. During the trial 
period^ permission was being obtained for visiting the first few schooiS 
in the final intervicior phase. It appeared that schcol personnel would 
be very cooperative when the visits began in earnest, February 28, I967. 

Because inclement weather cancelled several school operations dur- 
ing the month of February, only three high schools in the vicinity of 



^The states were New Jersey, New York, Connecticut, Massachusetts, 
and New Haiq>shire, The reeusons for selecting these states are given 

supra, pp. 43-44, 
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Boston were visited, giving a total trial population of nineteen teach- 

ert:.^ The schools visited were 1) Mansfield High School, Mansfield, 

Massachusetts! 2) Phillips Acaaei^, Andover, Massachusetts! 3) North 

Reading S^lor High School, North Reading, Massachusetts* 

Close attention was given to the perfomance of the revised in- 

ittrvlew during the first three visits to schools in the final survey 

population. Although no major changes were made, allowance for changes 

was planned li this second group of schools revealed any Inadequancy in 

the InstrumMit. These three semi-trial schools were 1) Natick High 

School, Natick, Massachusetts ! 2) Salem High School, Salem, New Haq>- 

shire! 3) Timberlane Regional High School (modularly scheduled), 

2 

Plaistow, New Haiiq>shire. 



Arranging Interviews 

Acceptances and Refusals for Participation 
The state departments of education nominated schools to be ap- 
proached for inclusion in the study. The first task was to identify 
the superintendent in charge of each high school and to request per- 
mission for conducting the research. Various directories were used 
from regional associations, professional associations, and the Office 



Other extenuating circumstances reduced the trial school sample, 
namely school vacations and an arm injury which prevented the investi- 
gator's driving. 

2 

This effectively raised the trial population to forty-one teach- 
ers, thirty-three of whom were from schools nominated by state depart- 
ment personnel. 
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of Education. In two cases , superintendents did not reply. One super- 
intendent was never reached because the wrong one was contacted and he 
did not reply until too late In the survey.^ The other superintendent 
did not reply to two letters | possibly « they never reached the proper 
Individual. Since there was an oversupply of schools to visit during 
the last Month of Interviewing « the pursuit of these contacts would not 
have changed the final Interview saBq)le. Nevertheless, the directories 
available for Identifying superintendents left nuch to be desired* It 
was a Major task to locate Information concerning current superintend- 
ents. However logical It may have seemed to ask the State Departments 
of Educatlcm for this Information, the Investigator did not wish to 
burdw others with chords that he could do. 

Letters sent to the superintendents requested permission to ap- 
proach the principals for approval to visit the high school and Inter- 
view teachers. Some Information pertaining to the entire school system 
was also obtained from the superlnt^dent ' s office. Upon receiving the 
superlnt^dent's permission, contact was made with the principal named 
In the reply letter. The principal's permission letter supplied in- 
formation Including the name of the science coordinator or department 
chairman who would be contacted by the Project for final arrangements. 
The letter to the department chairman gave him enough freedom so that 



^The school missed, because of this error on the investigator's 
part, was the Whltman-Hanson Regional High School, Whitman, Mass. 

^The school missed in this situation was New Brunswick Senior 
High School, New Brunswick, New Jersey* 
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he could eBBentially refUBe participation by poBtponing the viaitatlon 
date. About fifteen variatlona of form lettere were Bent to Buperln- 
tendentBy principalB, and department chairmen. Variatlona were necea- 
aary to peraonalize the lettera bo that aome knowledge of their achool 
waa indicated.^ Exaiiq>le coplea of each kind of letter are Included in 
Appendix C. If arrangementa were made by phone, entirely different 
confirmation lettera were sent. Appolntmenta were made aufficiently in 
advance to allow department chairmen to alert teachers. A few achoolB 
received short notice because of poor mall handling, but this was in- 
frequent • 



Sequence of Visitations 

Table Two indicates the schools nominated along with the schedule 
and number of teachers interviewed from that school or feeder junior 
high schools. The ordor of visitation may have some isq)ortance for 
two reasons: 

1) The interviewer may have unconsciously changed his style after 
a few hundred interviews. The speed at which questions were stated 
quickened as they became more familiar. Borodom was not a factor. 



For Instance, if the superintendent had indicated no ninth grade 
biology was being taught, principals were not asked for the Junior high 
school principal's name and address. If the principal indicated that 
there were only a few teachers in the science department, the chairman 
was requested to Include all, or at least earth science, teachers in the 
interview appointment schedule. All letters tried to convey the impres- 
sion that each school was respected as a distinct school and not a com- 
puter code number* All letters were individually typed. 




except In one school near the end of tfte survey. In fact, the traveling 
was a stlMilatlng experience and teachers always seemed to present new 
opportunities to learn more about administration of science staffs, k 
more natural conversational approach was cultivated during the course 
of the survey, but all questions were .“Uiked verbatim as on the Inter- 
view schedule. Sometimes these questions were prefaced with, ”Dld you 
say that...?” or ”It's my Impression that you...” Such remarks made 
the Interview less of a trial for the teacher and gained necessary 
rapport . 

2) Teachers may have had better knowledge of the current year's 
teaching style If all the Interviews had been In May or June. Nothing 
could be done to prevent thls^ unless a large staff had been trained 
for an Intensive, short-lived Interview period. 

No analysis was done to detect correlations with date of Interview, 
but no predictions could be made on logical grounds that certain types 
of facilities were visited late or early In the survey. It Is true 
that covariance techniques might have been used to allow for changes In 
response with time, but such methods could not be utilized with many of 
the analyses made here. Using time as a crossbreak would have reduced 
sample size before any relations could have been studied. 

In general, visits were spread throughout the survey period In 
geographical distribution and types of communities. The first schools 
to reply usually were Interviewed before others, but this was not always 
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Add the words "High School” to the end of each naue or where ”...” Is noted. The Elmira 
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the eituation.^ To aroid extrene travel ezpMiee, vleits to seae schoola 
which replied early were delayed until erne trip could Include several 
schools in the region. 

Cewpletion of Visits and Interviews 

Interviews began on February 28 , I967 and ended June 20 , I967 with 
two interviews of absentees. The details for interview appointnants 
were left up to the department chairman or principal. Not all schools 
gave teachers free periods! even in these schools, the effort ex- 
tended y in relieving teachers of duties while being interviewed, re- 
sulted in a saooth operation at alaost all of the fifty-nine schools. 

Absentees 

Absent eeisn could have been a serious factor, but very few teachers 
did not report for duty on the interview days. This acceptance of the 
Interview may be attributed to three factors. First, teachers were coa- 
pllaented by having their department nominated as an exemplary science 
departamit. They knew this before the investigator came. Second, fa- 
cilities are a deep concern to asst teachers and they wanted to voice 
their opinions. Third, department chairmen could choose the date for 
interviews. A few postponed the interview to avoid a Jewish Holiday or 
field trips. 

If absentees are defined as those persons on the senior high 



^Schools nominated by New Ha^;)shire usually were visited early 
since those nominations and permissions were received with dispatch. 
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teaching staff not interviewed but qualifying for an Interview, there 



were only twelve such teachers in the aample. All but five of these 



absentees were eventually interviewed during other brief visits when 
the Investigator was in the vicinity of the school. Of these five. 



two wanted very such to be interviewed but were serlousl;,- ill. The 



third was a departnent head who doubted that such a young interviewer 



could find out how he taught. This department head thwarted the inteiv 



view with questions and anecdotal remarks so that the Interview was 



not coaq>leted. The other two were teachers who missed their appoint- 



ments and could not be Interviewed because the investigator was not re- 



turning to the area. Therefore, it appears that only three teachers. 



from three different schools, could have had a coMson factor whlcb^-wi^ 



not measured. The effect of these teachers among a sanq)le number of 



496 would be Insignificant. 



Junior High Visits Incomplete 



As was suspected in the trial survey period, visits to junior high 



schools were very time-consuming. For this reeuBon, many junior high 



schools had to be dropped from the survey. Schools were eliminated pri- 



marily when coordination through the high school was non-existent, there- 



by not allowing a schedule to be made for the same day of the visit to 



the high school. Junior high schools were most often interviewed when: 



1 ) the senior high school was so large that it required two days 



^Not all absentees reported sick, three were on field trips and two 
missed their scheduled appointmttits (but were willing to be Interviewed). 









ifiinii urtiiai 






75 



to cojRplete the visit* 

or 2) the Junior high school was located near Boston. 

Therefore distant suburban schools were the main type of junior high 
schools dropped froM the survey sang>le.^ However, many such junior 
high schools were Included In the survey. Suburban and city junior high 
schools included In the survey were from such places in New York State 
as Elmira, Hamburg, Newburgh, Northport, Williamsvil)?; in Massachusetts 
as Hingham, Natick; and Westport in Connecticut. 

Coding and Card Punching for Analysis 

After the gathering of all date on the Interview forms, information 
was entered in the marginal space* of the lorm. This transfer of an- 
swers to the Buurgins facilitated key punching and allowed a check on the 

2 

correct coding of such answers as X(23) and X(23). Before marginal 
answers were entered for X(6), X(8), and X(59)» additional congiutatlons 
were made from raw data supplied by the teachers' answers. 

Code Adjustments 

After the raw data had been gathered. It was apparent that a few 
of the categories did not reflect the natural range nor the natural cat- 
egories of the answers. Adjustments were made, as described in this sec- 
tion, to reflect natural categories or to foster accuracy in key punching 

^Small rural high schools rarely had any junior high schools feed- 
ing them. 

^ata variable codes, e.g. X(23), can be understood by question re- 
ferences given in Appendix A. 













vlth ft lilnlMUai of distortion to the dfttft* 



Periods per weeki X(15)~X(l6) 

Some teftchers had an alternating schedule of two double periods one 
we^ and three double periods the next week. In weeks which had two 
double periods, there would be three single periods « In wedcs which had 
three double periods, there would be two single periods. Such a schedule 
arerages two and a half single and double periods per we^. 

A complication occurred In coding because only one colum was al- 
lotted for each answer.^ To relabel coliumi numbers throughout the In- 
terview schedule would have beMi laborious and time-consuming for 496 
forms. Card punching would have been subject to many mistakes If valid 
column nuid)ers were not present on every Interview form. Therefore, It 
was decided to round all two and a half period answers to the type of 
schedule which usually le used by teachers having the alternating sched- 
ule. Two and a half period schedules were classified as two double per- 
iods and three single periods per week. This rounding may have reduced 
the assoclatlonal values to some extent. 



Predominant organism, X(36) 

By the end of the Interview phase, It was evident that the question 
for variable X(36) was not worded In the most useful manner. This ques- 
tion was answered affirmatively by biology teachers. In the malni but a 




^Doubling of all answers might have been the solution to this prob 
lem; but some answers were five or six periods per week, which when 
doubled would have given a double digit number. 
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few earth eclence and chemistry teachers f using living organisms , also 
answered. Teachers answering that they most often used microorganisms 
were six times greater than those using plants or animals. For a more 
Informative question, answers were changed If they Indicated ties be- 
tween microorganisms and plants or animals. These new answers would In- 
dicate the plant or animal choice only. It was this revised keying 

■ 

which yielded the answer ratio cited above. Moot of these teachers 
who Indicated use of microorganisms did not do elaborate experiments or 
culturing. Information was being sought on the use of plant and ani- 
mal facilities, and even with revised keying, less than sixty teachers 
yielded data to be analyzed. 

Coot of a lab period. X(8) 

Once again, the range of answers exceeded the column allowance 
for answers. Actually only one school needed to have Its teachers' an- 
swers adjusted, since It spent more than f9»99 P®r laboratory period. 

The next highest school spent 18,95* In order not to create problems In 
I key punching, a maxlimim of 19.99 was set, thus avoiding the need for a 

fourth coluimi. As stated before, the addition of a fourth column would 

! 

have resulted in more errors through punching of data In columns not 

i 

labeled correctly on the Interview schedule. 

' The high 19.99 value had almost the same effect as li It had been 

coded by Its actual value. Most analyses were conducted by ordinal or. 

^Actual cost per lab period was $11.29 for this school. 
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noMinal categories | these kinds of analyses would not be affected by 
this change In coding. 

The dollar dec Inal occurs between colunei twenty-seven and twenty- 
eight. This cost Is expressed to the nearest cent. 

Size of sinks, X(39) 

The interview questions were fomulatcd without wide knowledge df^ 
exact equipnent specifications. It later proved that sink manufactur- 
ers grouped their sinks in slightly different categories than the options 
for X(39). In order to have choices reflecting the actual classes of 
sinks f distensions of fifteen by eighteen inches were the siinisial quali- 
fications for class four, and dimensions of nineteen by twenty-seven 
inches were considered the stlnimum for class five sinks. Extremely few 
sinks possessed qualifications of the original class five. Even with 
the revised standards, only 16 out of 226 teachers had sinks in class 
five. 

Average departmental budget. X(6) 

No alteration was actually done with this figure. Space limita- 
tions in columns made it necessary to round off to nearest tens of 
dollars. This usually resulted in dropping a zero. 

Card Punching 

Cards presenting the basic data to the computer were punched and 
verified by repunching on a v« 'ifier by the investigator. Such verifi- 
cation by the same key-puncher is not recommended usually. However, in 
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this situation the chance of systeaatic error is slight since the inves- 
tigator does not touch-type. The desire for accuracy was greater during 
card punching than would have occurred with hired key-punchers. 

The verified deck of data cards was used to duplicate cards for 
use in coB^utation. Duplicate cards were verified internally during 
duplication by Machine. There exists no doubt « in the investigator's 
Mindy about the accuracy of the data at the tine the coiq;)Utational pro- 
graw began the analysis. The original, verified data cards will be 
kept with the investigator for a reasonable length of tiiie following 
the temination of the Facilities Research Project. 
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CHAPTER IV 



ANALYSIS OP DATA 



Thld chapter will present sojne statistical characteristics of the 
sa^)le, then proceed to the analysis of each specific hypothesis, and 

finally discuss the general hypothesis. 

Most of the analyses have been done with the Data-Text System* 
Whenever the Data-Text System has not been usedt the source of computa- 
tional results will be noted. If possible, this will occur In paren- 
theses directly after the statistic. If this procedure Is not feasible, 
a footnote will be used. Three abbreviations will be used to Indicate 
sources. MSA-R and MSA-D will refer to The Multivariate Statistical 
Analyser^ routines, Incomplete R and Datasearcher respectively. Data- 
searcher treats blanks as zeros} because of this, four teachers were 
eliminated since they had numerous blanks In pertinent data fields. The 
program lists blanks so that no statistical procedure need be reported 



A few specifications of the formulae or tests used by the programs 



without knowing that a blank distorted the data 




ChaT€«:t eristics of the Sample 



Statistical Definitions 




O 

Jones — supra, pp. 54-55 



r 
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are appropriate for unuaually labeled atatiatlca. 



Skewneaa 



This statistic usually is coiq>uted by the Data-Text Statistics 
routine. SkewnesSf is calculated by means of the following 
formula 



01 = 




N 



where s is the unbiased estimate of the standard deviation of the pop* 
ulation using the sai9>le obtained. N equals the number in the saii 9 )le 
used for the distribution. The measure is an expression of the symmetry 
of a distribution. For perfectly symmetrical distributions, g^ equals 
zero. 



Kurtosis 

This statistic usually is computed by the Data-Text Statistics 

I 

routine. Using the same notation as with skewness, the routine calcu- 

2 

lates kurtosis, g_, by means of the following formula: 

N-3 

The measure is a discription of extent of variation from the central 
tendency in a distribution. Normal distributions have a kurtosis of 

zero. 




'^Konniie is given in Couch, p. 241. 



2 



Fonmi} is given in Couch, p. 241. 



Noraality test 

The nonuillty test reported In this ’’Characteristics of the Sa»- 
pie” sectlcMi Is conputed by MSA Datasearcher (MSA— D)* The calculation 
Is the goodness of fit test provided by the Kolnogorov-Smlmov one- 
Bomple test.^ The progran divides the populatl<m Into categories, one 
half standard deviation In size. The expected cell size ‘calculation 
Is based on the nean and saq;>le nuM)er. The observed cell size Is 
then com>ared to the expected cell size. The critical D values and 
observed D values are given with the alpha level of .01. 

Schools 

Since characteristics of schools appear on each teacher’s data 
cards, the statistics presented as school— wide characteristics have a 

o 

sanple size of 496 rather than 59. The mean and other statistics have 

an Inherent weighting factor according to the number of teachers Inter- 

’ 3 

vlewfkl In connection with the high school. 

^Thls Is described In Sidney Siegel , N rnparametrlc Stat istics for 
the Behav ior / 1 Sclenc< :s. (New York: McGrrjw Hill Book Co., Inc., 

1956), pp. 47-52. 

^Except for data variable X(59), teachers are free to answer the 
dependent varlalle questions In any wayi this makes most samples the 
size of 496 before crossbreaks. 

^ 

^Eixcept for data variable X(59), non— spotlal variable weightings 
would Include junior high teachers interviewed within the same school 
system^ 




VAR(3)« Average dapartmental budget 



The arerage departiMntal budget^ over the past few relevant years 
■ay Indicate the wide range of financial situations visited. The fol*» 

i 

lowing statistics describe the distribution: 

1) N = 496 

2) Mean = 16,609 

3) Median = $4,750 

4) Standard Deviation = 14,947 

5) Range; $500-$21,500 (MSA-D) 

6) Skewness » 1,208 

7) Kurtosls = 0.441 

8) The distribution is not normal at the 0.01 level. The D 
value equals O.I85O, the critical D being 0.0735 (MSA-D). ' 
The curve appears to be blmodal, 77 teachers were observed 
beyond -»-1.5 standard deviations In the second mode (MSAtD)^* 

’ , f 

VAR(9), Budget per pupil 

2 

The science department budget divided by the entire school's en- 
rollment gives the following statistical distribution; 

1) N = 496 

2) Mean = $5*05 per pupil /year 

3) Median = $3*76 per pupil/year 

^Infra, p. describes the expenses germane to this budget. 

2 

Supra, p. 83 explains VAR(3) which is the average departmental 
budget I see also infra, pp. I76, 192. 
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: 

: 



4) Standard derlatlon » 14.05 

5) Ranges l.80 - 121.50 

6) The approximate decile maximum values based on cumulative 

percentages are as follows: 1/10 |1.50| 2/10 = |2.00| * 

3/10 = |2.60| 4/10 « 13.50^1 5/10 = l3.80| 6/10 = |4.40| 

7/10 = l5.50| 8/10 = I7«20| 9/10 = l9«10. Cumulative par-, 

' ^ 

tlal deciles In the extreme range are 9*3/10 = |11.30| 

9.7/10 = 115.80. 

7) Skewness - 2.053 

8) Kurtosls = 4.828 

9) A normality test Is not available. 

VAR(6). Cost per lab 

This variable yields a blmodal distribution around the two and five 
dollar values. Table Three shows the blmodal nature In a transformed 
ordinal scale called VAR(7). Below are given the statistics for the 
non- transformed data grouped by school. 

1) N = 496 

2) Mean = I2.7O 

3) Median = 11.52 

4) Standard deviation - H.87 



Actually 47^ of schools have $3*30 or less as their annual bud* 
get per pupil. 



'See Appendix B for transformation code— Infra, p. 203 < 








5) Range: 1.55 ~ S9.99 

6) Skewness - 1.888 

7) Kurtosls = 3.845 

8) The curve Is not normal at the 0.01 level. The D value is 
0.1545t the critical D value being 0.0735* (MSA-D) 



TABLE 3 

COST PER LABORATORY, VAR(7) 



Category 


1 .50- 
1.25 


11 . 26 - 

1.75 


fl. 76 - 

2.25 


12 . 26 - 

2.75 


12 . 76 - 

9.99 


Frequency of Teachers 


72 


66 


133 


64 


161 

j 


Cunilatlve Percentage 


14.52 


27.82 


54.64 


67.54 


100 

i 


Number of Schools® 


7 

1 


10 

1 _ ^ J 


13 


7 


i 



®The mimber of schools is estimated from the nuaO>er of groups 
having different costs. Two schools had identical costs, thus reducing 
the total nundDer to flft^r eight. 



VAR(lO), Total college entrants 

The following statistics give a rough picture of the dominance of 
college-oriented policy in the schools. The figures represent the per- 
centage of graduates entering college immediately after graduating from 
high school. 

1) N = 483 

2) Mean = 58*7% 

3) Median - 60.0% 

4) Standard deviation = 16.7?6 
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5) 


Range! 309( - 98 % 


6) 


Skewness * 0.277 


7) 


Kurtosls s - 0.653 


8) 


No test of normality Is available 


VAR(16), 


School enrollment 



The schools In this survey cane froM a diverse sampling of com- 
munities. The following statistics Include the total enrollment for 
the school I the maTimiim number of grades Included Is six. These six 
year schools often had enrollments under 800. 

1) N = 496 

2) Mean = l435 students 

3) Median = 1407 students 

4) Standard deviation = 593 

5) Range: 226-2997 

6) Skewneeus s 0.747 

7) Kurtosls = 0.729 

8) This curve Is normal at the 0.01 level. The D value Is 0.666, 
the critical D being 0.0733.^ (MSA-D) 

Table Four gives the distribution of schools and teachers for the trans- 
fonaed ordinal categories present In VAR(17),^ 



VAR(l6) has as Its values the number of students In the school of 
each teacher. In this casey normal distribution of school enrollment 
probably Indicates a doadnance of small schools since large schools have 
many teachers supplying data for VAR(l6). 

2 

See Appendix B for the transformation code. 
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TABLE 4 



SCHOOL ENROLUIENT, VAR(17) 





226 

750 


751 

1000 


1001 

1250 


1231 

1500 


1501 

2230 


2231 

3000 


Frequency of 
Scl. Teachers 


54 


75 


82 


87 


153 

• 


45 


Frequency of 
Schools 


13 


11 


10 






3 




Averages Based 


on Ungrouped Data 






Scl. Teachers 
per School 


4.2 


6.8 


8.2 


1 

9.7 


1 

11.8 


15 


Students per 
Scl. Teacher 


119 


00 


139 


145 


149 


184 



VAR(21), Mean years In departaient 

Total the nuaber of years that a departnent's members have accumu- 
lated In their present high school. Then divide by the total number of 
teachers In the department. The resulting quotient Is the mean number 
of years In the department. This variable may be termed "average years 
of departmental membership." The distribution of this variable Is des- 
cribed below. 

1) N = 496 

2) Mean =6.2 years 

3) Median = 3 years 

4) Standard deviation =3.2 

5) Range: 1-1? 
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6) Apprmcinate decile Maxln.ji Talues are 1/iO » 2 yearai 

2/10 a 3 yearai 3/10 * 4 yearai 5/10 * 5 yearai 5-7/10 * 

6 yearsi 7/10 = 7 years| 8/10 = 8 yearai 9/10 = 10 yearsi 
9,6/10 a 12 years, 

7) SkewneaB a 1,204 

8) Kurtoaia = 1«889 

9) The curve is not normal at the 0,01 level* The D value la 
0.0833, the critical D value being 0.0735 • (MSA-D) 

VAR(65), Availability of a late bus 

This anecdotal tabulation may reflect the desire of the sample 
connimltles to provide extra opportunity for late afternoon work. I.ate 

■Hi 

*♦ 

buses were available for studmts working on Individual projects accord- 
ing to 333 teachers. No late bus was a \llable for students of 119 
teachers. Teachers living In metropolitan areas, with community bus 
service, were not asked this question. 

Teachers 

The following variables describe Individual teachers, since answers 
could vary within a school. 

VAR(l), Sub^iect experience 

Teachers as a group exhibited the following characteristics — re- 
garding the number of years they had been teaching the subject, about 
which they provided answers throughout the interview. 

1) N = 496 
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2) Mean = 7»593 years 

3) Median « 5 years 

4) Standard deviation - 7*lkl 

3) Range: 1 (62 teachers) - 46 years 

6) Skeimess = 1.843 

7) Kurtosis - 4.082 

8) The curve Is not normal at the 0.01 level. The D value is 
0.1586, the critical D being 0.0733* (MSA-D) 

In many cases, these years of experience were gained at schools other 
than the one now e^>loying the teacher. 

VAR(40), First course level 

High ability students formed the classes taught by 83 teachers. 
Average college preparatory classes were taught by 263 teachers. 

Classes mainly coiq)rlsed of terminal or possibly low ability studoits 
were taught by 78 teachers. These figures all pertain to the first 
course a student receives as an introduction to a specific science sub- 
ject ^ 

VAR(4l)i Second court, > level 

The figures in this section refer only to courses capitalizing on 
one year's experience in the subject for the student. Twenty-three 
teachers taught advanced placement courses geared for passing the exam 
for college credit or exenq>tion from freshman college courses. Sixteen 
teachers taught second courses to high ability students. Seventeen 
teachers opened their second courses to average college preparatory 
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•tudttita. 



YAR(42)« Grade 



Grade lerels were sanqiled aa Indicated In Table Five* 



TABLE 5 

GRADE DISTRIBUTION OF TEACHER 
SITUATIONS PRODUCING DATA 



Grade Nunber of Teachers 

Ninth 89 

Tenth • 134 

Eleventh ••••••••••••• 114 

Twelfth 138 



f 



teachers nay teach «ore than one grade In the course supplying 
data. The predoainant grade was used as an answer. Teachers may also 
teach courses in different grades) only one course was chosen fer the 
interriew. 



VAR(43)« Course subject 

Although teachers nay have taught more than one course, their re- 
sponses were limited to one course in order not to contaminate the data 
with correlated answers on any one variable. Therefore, ail tests ap- 
plied to the data are based upon Independent answers. The teacher dis- 
tribution for each subject is given in Table Six. 

VAR(47)i Labvoratory-classroom relationship 

This distribution hindered analysis of a major specific hypothesis. 
Only 80 teachers had separate laboratories, whereas 384 teachers had 



combination classrooBh-laboratorles. 



X 
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TABLE 6 

TEACHER-SUBJECT FREQUENCY 



Subject 



Nuaber of Teachers Responding 



Earth Science* • • • • 
General Science* * * * 
Physical Science * * * 

Biology 

Chemistry 

Physics 

Integrated Science * * 
Anatomy and Physiology 
Other* ******** 



50 

10 

18 

205 

119 

76 

10 

7 

1 



VAR(50)* Nuadaer of students in the laboratory 

The average number of students in. a laboratory may be indicative 
of overcrowding* Nowhere did the investigator find evidence of the sup- 
posed tendency toward very large laboratories* The distribution of lab- 
oratory size is given below* 

1) N = 495 

2) Mean = 21 students 

3) Median = 22 students 

4) Standard devlatlcm - 5*7 

5) Range: 3-35 

6) Skewness = -0.445 

7) Kurtosls =s -0*110 

8) A test of normality is not available* 
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VAR(56)» Nuwber acc<MWodated tn individual lab apace 

The following statistics describe the general availability of 
Individual project space. 

a 

1) N « 4?5 

Mean » 5 students 

3) Median = 4 students 

4) Standard deviation 7 •! 

5) Range: 0-99 (9«> decile « 12| 99*n percentile « 30) 

6) Skewness = 3*173 

7) Kurtosls = 48.919 

8) No test of nonwility Is available. 

VAR(63), Teacher has own classrooah-laboratory 

Teachers haying their own classroont-laboratory numbered 131 » 
whereas 253 shared their rooms. 



X(10). Number of years In the system 

Thia variable was especially tallied for this section} it was not 
used In analyses as a variable. The following statistics may help to 
describe the sample by Indicating the number of years each teacher has 
been In his present school system. 

1) N = 496 

2) Mean = 6.153 

3) Median = 4 

4) Standard deviation = 6.229 

5) Skewness = 2.1?4 



me 
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6) Kurtosis = 3«B41 

7) The dletrlbutlon 1 b not norMal at the 0,01 level. The D 
value Is 0,1386, the critical D value being 0.0735* (MSA-D) 

Dependent Variable Distributions 
The reader nay be able to visualize the dlstrlbutloM of the de- 
pendent variables (Instructional Methods) analyzed following this sec- 
tion, For the nost part^ distributions of dependent variables will not 
be shown completely for every variable. Only those contingency tables 
having significant coin>arlsons will be given) a few exceptions will be 
Made In order to present crossbreaks of each hypothesis without speci- 
fying conditions. There are certain distributions with liH)ortant speci- 
fying conditions which may supply exaiqjles as to why certain cross- 
breaks may lack enough responding teachers for significance, A few 
such distributions are given In Table Seven, 

Table Seven lists the frequencies of teachers using certain methods 
In specific subjects and with certain levels of students. The table 
represents two contlngoicy tables, not a three-way crossbreak. Per- 
centages are Included with the frequency data for the first table, which 
concerns student level. The contrast In methods for high level first 
course students Is provocative) these data are presented In this thesis 
without discussion since they do not relate to any specific hypothesis 
nor to the general hypothesis. 

Table Seven may also suggest that teachers were candid In their 
responses) various alternatives are well represented In the sample. 
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Science 1(1096) 9(9096) ..(..) 3(10096) 9(9096) j l(l096) 



TABLE 7 — Continued 
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The table also demonstrates the fine distinctions made In some depen 
dent variables* 



Specific Hypotheses 

The tests and measures of significance used In this section are 
discussed In Appendix D. However, brief mention of conventions and 

abbreviations will be made here. 

Each hypothesis will be presented first for evaluation without 
specifying non-spatlal conditions. The number of responding teachers 
will be entered In the appropriate cell of the contingency table. This 
number represents the number of teachers who answered two questions on 
the questionnaire In such a way as to place them In a category repre- 
sented by a cell of the contingency table. These cells are labeled by 
a letter which Is used as a column label when summarizing cell distri- 
butions with non-spatlal specifiers. Such labeling will allow the read- 
er to construct his own contingency table If he wishes. 

Following the presentation of the unconditional crossbreak, a table 
Is presented which shows how assoclatlonal values may be Increased 
through the use of non-spatlal specifiers. These new crossbreaks are 
the same as originally presented, but consider only those answers from 
teachers who meet certain contingent non-spatlal conditions. Up to three 
conditions are speclfledi beyond this number, the number of teachers be- 
comes too small for analysis* In order to save space, the frequency of 
teachers In each cell Is not diagrammed as was done earl*_r» the fre- 
quencies are presented In columns labeled as explained above. 
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The labeling of specified crossbreaks Is done In abbreviated style* 

The abbreviations are sufficient for tho reader who Is well acquainted 
with the variables. At first the reader will have to consult Appendix 
B for specific definitions of the variables. The most exact label of 
the variable Is Its number appearing In the coluim labeled ”VAR.” This 

.Ht !^ 

number has a more lengthy label In Appendix B* The label ' Includes a 
data variable number preceded by an ”X”| this number Is keyed to a spec!* 
flc question In Appendix A. Appendix A can supply operational defini- 
tions for the variables being considered. The categories of variable 
values are defined In the right hand parenthesis of the definition In 
Appendix B. If the raw data are used as an Interval variable of many 
values, no parentheses will exist. This situation only would occur 
with a few parametric testa. 

Not every hypothesis has the same type of analysis. Tests and asso- 
clatlonal meeusiures appropriate for the data are Included In the cross- 
break tables. The following abbreviations are used in the tables: 

1) Test ~ test used for significance measurei 

2) Fisher = Fisher exact probability tostj ^ 

I 

3) Yates = chi-square test with Yates' correction for continuity! 

4 ) Chi = chi-square testf 

5) K-S = Kolraorgorov-Smimpv testf 

6) Tau CS = Stuart's method for determining significance 
using Kendall's tau Cf 

7) F = one-way analysis of variance! 

8) t = Student's t-test| 
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9) 

10 ) 

11 ) 

12 ) 

13) 

14) 

15) 

16 ) 
17) 

and 18) 



Sig. > aignificancei 
Phi = phi coefficient! 

V = Cramer's V coefficient! 

C = contingency coefficient! 

Tau B, Tau C ~ Kendall's tau statistics, b or c! 



« 

G = Goodman-Kniskal gamna statistic! 

D s Soimer's D statistic, when not specifying a frequency 
in cell D! 

r = Pearsonlan correlation coefficient! 

r « polnt-blserlal correlation coefficient! 
pbl 

Max. Phi = approximate maximum phi coefficient. 



Only those crossbreaks showing distributions significantly dif- 
ferent from chance (alpha level being .05) are shown. Some statisti- 
cally significant crossbreaks may be omitted If they are low In asso- 
clatlonal value or are somewhat redundant considering other analyses 
presented. Although most hypotheses were presented with a rationale 
allowing one-tailed significance levels, alpha levels arj set for two- 
tailed tests In all but the Fisher exact tests. Significance levels 
presented In the tables represent two-tailed tests except when "Fisher" 
Is specified as the test. One-tailed results are computed by the Fxsher 
exact test! doubling of this figure will supply the reader with a t^vo- 
t ailed test of probability. 



Hypothesis One 




^Supra, pp. 25-26. 
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a one-tailed teat of significance, two tailed tests have been used In 
the following analysis— except for the Fisher exact tests* Table Eight 
presents the naln cosq[)arlson of departmental access to the library and 
the giving of library Instruction. No problems of scaling occurred for 
the two variables, VAR(46) and VAR(79). 

TABLE 8 

CONTINGENCY TABLE FOR HYPOTHESIS ONE 
VAR(79), Library Instruction 



Direct 

VAR(46) 

Library Access 

Indirect 

Slg. = .001 Test = Yates C = .159 
Phi = .161 Max. Phi = .90 



Yes No 



68 

A 


105 

B 


C 

77 


D 

245 



It Is evident from Table Eight that a significant relation does 
exist which associates library * se (as defined by the interview sched- 
ule, Appendix A) with direct departmental access to the library. The 
assoclational coefficient seems low, but may be clarified by specify- 
ing contingent conditions. Specifications for increasing the assocla 
tlonal values are given In Table Nine. 
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TABLE 9 



hypothesis one - SPKIFIED CROSSBHEAKS 
VAFi(46) X VAR(79) 



Contingent 

Condition 



VAR 



Test 



Slg. 



Phi 



Max. 

Phi 



Frequency 



B 



Single Specifiers Supplying Variable Code 



Total College 
Low 

Average 


11 


_ 

Yates 


.012 


.283 


.62 


.272 


12 


27 


5 


52 




Yates 


.018 


.145 


.89 


.144 


42 


64 


49 


142 


Jr. College 
Average 

High 1 


14 


Yates 

Yates 


.016 

.032 


.106 

.249 


.73 

.87 


.192 

.241 


23 

18 


45 

16 


18 

16 


89 

41 


1 

Grade j 

Sophomore 1 


42 


Yates 


.010 


.223 


.82 


.218 


27 


33 


22 


71 


1 

Budget /Pupil 


128 


Yates 


.004 


.195 


.83 


.191 


40 


55 


35 


U3 


Course j 

Biology j 


i ^3 

k 


. Yates 


.015 


.181 


1.00 


.179 


35 


40 


37 


92 

« 


Multiple Si 


>eclflers Using Var 


lable < 


Codes 


b 




Low (Budget) 


128 






.629 


.92 


/ c 






e 


8 


High (Jr. C.) 


14 


Fisher 


.004 


n/a 


9 


• • 


5 


High (Budget) 
Ave. (Jr. C.) 


128 

14 


Yates 


.ao5 


.321 


.55 

1 


.306 


15 


29 


4 


45 


High (Budget) 
Low (Tot. C) 


128 
! '' 


Fisher 


.004 


.567 


.83 


/ ^ 
n/a 


6 


5 


1 


19 


Low (Budget) 
Old Ave.(Dept) 


\i2S 
i j 22 


! Yates 


.010 


,250 


.85 


.243 


18 


17 


23 


68 


AvGo (Tot# C#)l 11 


{ 


















Earth Scl. 
Freshman 


' 43 
42 


, {Fisher 


■ .032** 


.443 


1,00 


n/a® 


7 


3 


4 


12 


Ave. (Tot. e.i 


) 11 


1 


















Biology 

Sophomore 


43 

42 


' < 

Yates 


1 .039 


.257 


.74 


.249 

4 


16 


20 


9 


1 35 



TABLE 9— ‘Continued 



Contingent 


1 








Max. 

Phi 






Frequency 


Condition 


VAR 


Test 


Slg. 


Phi 


C 


A ' 


B 


C 


D 


High (Tot. C) 

Biology 

Sophomore 


11 

43 

42 


Fisher 


.041** 


.485 


.92 


n/a® 


5. 


3 


2 


11 


Low (Tot. C.) 

Chemistry 

Junior 


11 

43 

42 


Fisher 


.019 


.548 


.65 


n/a® 


4 


3 


• • 


9 


Low (Tot. C) 

Biology 

Sophomore 


12 

43 

42 


Yates 


• 

0 

VJ 1 


.302 


00 

• 


GO 

01 

• 


13 


13 


9 


34 


Ave . (jr» C.) 

Biology 

Sophomore 


14 

43 

42 


Yates 


.030 


.346 


.61 


.327 

1 


8 


13 


3 


29 



The freciuencles of cells are keyed In Table Eight. 

^For definitions of variables, see the single specifier section 
and ^pendix B. 

^When a measure is not valid, the symbol n/a will be used. 

^hese Fisher exact test significance values are for the one- 
tailed te.it. Results are insignificant if the conservative two-tailed 
test is uued. 



Hypothesis Two 

Although the rationale presatited for this hypothesis^ ma> justify 
a one-tailed test of significance^ two tailed tests have been used in 
the following analysis. Table Ten presents the main coiq)arlson between 
laboratory arrangement and inquiry teaching. There was no problem with 



Supra, pp. 



26-28. 
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TABLE 10 

CONTINGENCY TABLE FOR HYPOTHESIS TWO 

V AR( 47 ) , Classroom-Laboratory 



Inquiry 

VAR(8l) Wet 

Inquiry vs • Product 

Verifying 



Slg. = ^,001 Test = Yates , C = .166 
Max. Phi = .63 Phi = .169 



Separate Class-Lab 



18 

A 


168 . 
B 


C 

62 


D 

211 



the scaling of the spatial variable! but during the Interview phase, 
another dependent variable was recognized as a less ambiguous classifi- 
cation.^ VAR(8l) was the original dependent variable cited In the pro- 
posal of research! first, It vlll be fully compared with VAR(47). Sec- 
ond, the alternative dependent variable, VAR(119), will be analyzed. 

It Is evident from Table Ten that a significant relation does ex- 
11*,! the null hypothesis Is rejected. The assoclatlonal level seems 
weak! by the use of specifiers, the relationship can be clarified to 
some extent. Table Eleven reports the results of such specification. 

The ambiguity of VAP(8l) led to the identification of teachers who 
did not use the leb enough to be lab centered, but who did approach lab 

^The ambiguity arises In that VAR(81) requires conditions for 
classification as wet Inquiry. Some Inquiry teachers do not hold, on 
the average, one lab period per wedc. 
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TABLE 11 



HYPOTHESIS TVO — SPECIFIED CROSSBREAKS 
VAR(47) X VAR(8l) 





Contingent 

Condition 


VAR 


Test 


Sig. 


Phi 


Meuc, 

Phi 


C 


Frequency 


A 


B 


C 


D 


Sii 


ngle 


Specif 


1 


pply \ 


ariabl 


e Code 


• 









First Course Level 
Average 

Preparations/1)ay 

Two 

Preparations/t)ay 
Over One 

Mean Yra» in Dept. 
Old Ave. 


40 

38 

39 
22 


Yates 

Yates 

Yates 

Yates 


<.001 

.001 

.001 

.006 


.266 

.236 

.178 

,20b 


.69 

.59 
.52 
* .56 


.257 

.230 

.175 

.200 


5 

7 

16 

5 


80 

86 

145 

73 


46 

36 

45 

28 


115 

101 

147 

100 


Multiple 


i Specifiers Using V 


ariable Code 


Young Ave. 


22 




















Over One 


39 


Yates 


.019 


.235 


•57 


.227 


7 


68 


13 


35 


Old Ave. 


22 




















Over One 


39 


Yates 


.035 


.179 


.57 


.176 


5 


58 


23 


83 


Average 


40 




















One 


39 


Yates 


.035*^ 


.265 


.80 


. 256 *^ 


• • 


21 


15 


49 


Average 


40 




















Over One 


39 


Yates 


.001 


.284 


.87 


.273 


5 


59 


31 


66 


Young Ave. 


22 




















Over One 


39 




















Average 


40 


Yates 


.008 


.380 


1.00 


.355 


1 


30 


10 


21 


Two 


38 




















Average 


4o 


Yates 


<.001 


.377 


.71 


.353 


1 


41 


25 


46 



a 

For definitions of the variables, see the single specifier section 
and Appendix B. 



This contingency table had one out of four cells with an expected 
frequency of slightly less than four. This lends doubt to significance 
and the contingency coefficient. The distribution is striking when 
plotted as a contingency table. 
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exercises by inquiry Bethods. VAR(119) eliainates these alddle ground 
teachers by comparing only those teachers that average at least one lab 
period per week. Tables Twelve and Thirteen present the data. 



TABLE 12 

CONTINGENCY TABLE FOR HYPOTHESIS TWO, MODIFIED 



VAR(47)> Classroom-Laboratory 



Inquiry Vet 

VAR(119) 

Inquiry Ninlmal 
Vet Lab 

Verifying 



Slg. = < .001 Test = Yates C = .179 
Max. Phi = .55 Phi = .182 



Again the null hypothesis is rejected. There is doubtful signifi* 
cance of Increase in the phi coefficient over the phi of Table Ttti. 

Table Thlrte«i uses the sane non-syatlal variables as in Table Eleven. 

♦ 

\ 

Only those crossbreaks liq>roving the phi coefficient of Table Twelve > 

I f 
\ 

are listed in Table Thirteen. 



Hypothesis Three 

1 

As explained in the presentation of the rationale , two analyses 
were atteiiqited with this hypothesis. The spatial independent variables 



^Supra, pp. 28-29. 







Separate Class-Lab 



18 

A 


163 

B 


C 

56 


D 

177 



■ .. . iii^iiniMiiirnii I ■ 1 T • • - 
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were l) claes else usually over fifty studentSf VAR(49)t ^<1 2) class 
size occasionally over fifty students y YAR(48), Only eleven teachers 
usually had classes over fifty students* As a consequencey no specified 
crossbreak analysis was done for VAR(49) > Table Fourteen presents the 

t- 

two naln contingency tables. 



TABLE 13 

HYPOTHESIS TWO MODIFIED » SPECIFIED CROSSBREAKS 

VAR(4?) X VAR(119) 



Contingent 
Condi tlcm 


VAR 


Test 


Slg. 


Phi 


Max. 

Phi 


C 


Frequency 


A 


B 


C 


D 


Single Specifiers Supplying Variable Code 


Average 


40 


Yates 


<.001 


.281 


.67 


.271 


5 


78 


43 


101 


Old Dept. 


127 


Yates 


.016 


•243 


.90 


.236 


4 


32 


28 


53 


Two Preps. 


38 


Yates 


.001 


.248 


.66 


•240 


7 


84 


33 


88 



Multiple Specifiers Using Variable Code 



Average 


40 




0 






0 




14 




40 


One Prep. 


37 


Yates 


.028 


.294 


•80 


.282 


• • 


20 


Average 


40 










.356 






41 


43 


Two Preps. 


37 


Yates 


<.001 


.381 


.76 


1 


23 



a 



See footnote 



b to Table Eleven. 



Statistical Interpretation of Table Fourteen Is h£unpered by un- 
even distribution of marginal frequencies. The null hypothesis Is def- 
initely not rejected when considering teaching assignments with usually 
large classes. The pres^ce of small cells usually gives spurious slgnl- 
flcancei a significance value of .06 should be considered a lower limit. 
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The question of occasionally teaching large classes involves teaa 
teaching. Such large claasea, which are usually lecture, do tend to hare 
sereral teachers sitting In on the lecture. The slgnlllcance of these 
findings li not only statistically doubtful, but practically Inconse- 

quentlal • 



TABLE 14 

CONTINGENCY TABLES FOR HYPOTHESIS THREE 



Usually Teaching Large Classes 

VAR(82), Cooperative Teaching 



No 



Yes 



YAR(49), Large Class, 
Usual 



No 



Yes 



469 

A 


15 

B 


C 

9 


D 

2 



* Test = Yates C * *121 



Slg, s= o060 

Phi - ,122 Max. Phi « *80 



Occasionally Teaching Large Classes 

VAR(82), Cooperative Teaching 



No 



Yes 



VAR(48), Large Class, 
Infrequent 



No 



Yea 



464 

A 


10 

B 


C 

14 


Q 



Slg. =<.001 Test = Yates 
Phi = .346 Max. Phi 



C = .327 

.80 



®0ne cell out of the four ha. an espocted frequency less than one. 
This Imralidates these statistics based on chi-square analysis. 
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Table Fifteen shows the results of specification attempts with 
VAR(48)« It Bust bo re w es l bered that only a few schools could be supply- 
ing the teacher respondmts for cells. All crossbreaks hare cells with 
less than fire expected teachers. 



TABLE 13 

HYPOTHESIS THREE — SPECIFIED CROSSBREAKS 
VAR(48) X VAR(82) 



Contingent 

Condition 


VAR 


Test 


Slg. 


Phi 


Max. 

Phi 


C 


Frequency 


A 


B 


C 


D 


Single Period 




















• 


Lmgth 


24-26 




















Short Ave. 


24 


Yates 


-c.OOl® 


.390 


.90 


.364“ 


270 


9 


10 


7 


Shorter 


25 


Yates 


^.001® 


.341 


.90 


.323 


282 


10 


13 


7 



^hese statistics are invalid since they are calculated with chi 
square statistics which were based on one cell out of four having a 
frequency of less than five. 



Hypothesis Fou 

The sample of schools in this survey did not yield any very large 
laboratory groups as mentioned in the rationale.^ The hypothesis was 
evaluated on existing data with a limited range of the number of students 
in a single laboratory class. The Kolmogorov-Smlmov two sample test 
was used as a highly sensitive test for significance in distribution 
difference. The null hypothesis was not rejected. The Data- Text 



1 



Supra, pp. 



29-30. 




$ 
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prograM iBolated two frequency dlstrlbutlone defined by the following 
criteria: 

1) Team — Number in Labt X(21) if X(46) ■ 1 

2) Solitary — Number in Lab: X(21) if * 2. 

Table Sixteen presents the data used In analysis and cuimilatlve per- 
centage frequency distributions. 

The difference In cumulative frequency percentage was 0.09. 

The significance of this difference was calculated according to procedures 

outlined In Siegel's text.^ 

n = 4l teachers, n^ = 448 teachers 



Since the observed D did not equal or exceed the critical D, the null 



The rationale for this hypothesis is given on page thirty. Of 
thope teachers for whom outdoor areas were relevant, only seven did not 
have walking access to an outdoor teaching area. No analysis was valid 




Observed D = 0.09 



hypothesis is not rejected 



X 



Hypothesis Five 



with this small frequency 




^Siegel, pp. 127-136, 279 
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TABLE 16 

MYPOTHE&IS POUR — KOLMOGOROV-SMIRNOV TEST 
FREQfUSNCY COMPARISON OP X(46) RESPONSES 



Nuaber 
In Lab 


1 

Teaa i^proach, X(46) = 1 


Solitary Approach, X(46) = 2 


D 


Frequency (f) 


Cuaulatire 


Frequency (f) 


CuMilatlre t% 


3 


1 


.02 


1 


.00 


.02 


4 


• • 


.02 


• • 


•00 


.02 


5 


» • 


.02 


1 


.00 


.02 


6 


• • 


.02 


3 


.01 


.01 


7 


1 


*05 


2 


.02 


.03 


8 


• • 


*05 


4 


.02 


.03 


9 


• • 


.05 


4 


.03 


.02 


10 


3 


• 12 


8 


.05 


.07 


11 


1 


.15 


5 


.06 


.09 


12 


» • 


.15 


20 


.11 


.04 


13 


• • 


.15 


10 


.13 


.02 


14 


1 


.17 


13 


.16 


.01 


15 


1 


.20 


20 


.20 


.00 


16 


1 


.22 


18 


•24 


.02 


17 


• • 


.22 


19 


.29 


.07 


18 


1 


• 24 


20 


.33 


.09 


19 


2 


.29 


13 


.36 


.07 


20 


3 


.36 


40 


.45 


.09 


21 


3 


.44 


17 


.49 


.05 


22 


3 


.51 


52 


.60 


.09 


23 


4 


.61 


38 


.68 


.07 


24 


6 


.76 


26 


.74 


•02 


25 


5 


.88 


30 


.81 


.07 


26 


1 


.90 


22 


.86 


.04 


27 


1 


.93 


21 


.90 


.03 


28 


2 


.93 


16 


.94 


.04 


29 


1 


1.00 


10 


.97 


.03 


30 


• • 




7 






31 


• • 




2 






32 


• • 




3 






33 


• • 




2 






34 


• 




• • 






35 


L 




1 
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Hypothesis Five Prine 

The rationale^ for this hypothesis may justify one-tailed tests of 
significance t but two-tailed tests were used. Table Seventeen presents 
the main crossbreak. The spatial independoit variable presents no prob- 
lems In classification. The dependent variable, percent of Individual 
projects, was Interval-ratio In nature, but the variable did not have a 
normal distribution.^ This necessitated ordinal or nominal, non-para- 
iwtrlc analyses. The curve was not normalized since the population 
distribution was not assumed to bo normal. 



TABLE 17 



CONTINGENCY TABLE FOR HYPOTHESIS FIVE PRIME 




VAR(87), Percent of Individual Projects 
None Few Several Conqpulsory 



Developed 


49 


22 


42 


9 


VAR(54) 


A 


B 


C 


D...F 


Outdoor Area Type 


G 


H 


I 


Ji . .1 


Undeveloped 


147 


43 


123 


58 



Slg. = .057 Test = Chi V = .124 C = .123 
Tau C = .055 ® “ 9 107 0 ~ .074 



Although significant for a one-tailed test, the main crossbreak Is 
^Supra, pp. 30-31 • 

^For the distribution of VAR(84): mean «= 20%, median = 3%i *^"'**" 

ard deviation = 34, skewness * 1.684, and kurtosls = 1.110 (definitions, 

supra, p. 81.) 



« 



ERIC 



in 



not ■Ignlflcant for a two-tailed test, A KolwofloroT-Snlmov test does 
not reveal significant differences between the two rows. In fact, sev- 
eral KolBogorov-Snlmov tests done on specified crossbreaks never re- 
vealed any significant difference. Table Eighteen gives the results of 

specification with non-spatlal variables. 

It Is apparent that the null hypothesis can only be rejected In 

reference to average students In first level science courses. It Is the 

general Ispresslon of the Investigator that very few outdoor projects 

, 1 

were being done by students In scl«ice classes. 



TABLE 18 



HTPOTHESIS FIVE PRIME — SPECIFIED CROSSBREAKS 
VAR(54) X VAR(85, 8?) 











Tau 






Frequency 


Test 


Slg. 


V 


c 


C 


G 


D 


A 


b[ C| D| E| f| g[ H| I| Jj K |L 



One Preperatlon Per Day, VAR(3?) — VAR(85) ver.ua VAR(5<.) 




Average First Course Level, VAH(4o) — VAR(87) versus VAR(54) 




Hypothesis Six 

The concern for the utilization of school sites now shifts to a 
different aspect. Does nlnlnal class use of the outdoor area increase 



^Some students were working outdoors In connection with vocational 
agriculture classes, but science classes were rarely Integrated with this 

work. 



i 
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for outdoor inquiry study when undeye^loped areas are present? The ra- 
tionale is presented on page thirty-one. No classification probleMS 
occurred for the spatial or dependent variables. Table Nineteen pre- 
sents the main crossbreak. 

TABLE 19 

CONTINGENCY TABLE FOR HYPOTHESIS SIX 



I 



VAR(54) 

Outdoor Area Type 



VAR(90)f Outdoor Problem Solving 



Developed 



Undeveloped 



Slg. = .018 Test = Yates C = .135 
Max. Phi = .79 Phi = .137 



Yes No 



22 

A 


66 

B 


C 

99 


D 

149 



TABLE 20 

HYPOTHESIS SIX — SPECIFIED CROSSBREAKS 
VAR(54) X VAP.(90) 



Contingent 

Condition 














Frequency 


VAR 


Test 


Slg. 


Phi 


Max. 

Phi 


c 


A 


B 


c 


D 


Mean Yrs. 
in Dept. 

Old Ave. 


22 


Yates 


.042 


.183 


.70 


.180 


9 


28 


50 


61 


Prep/Day 
Over One 


39 


Yates 


.026 


.145 


.77 


.144 


20 


53 


84 


110 
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It 1« evident froM Table Nineteen that the null hypothesle la re- 
Jectedi a avail aaaoclatlon exlata. The aasoclatlonal valuea we**e dif- 
ficult to lnq;>rove by apeclflcatlonf aa ahown in Table Twenty* 

Hypotheala Seven 

Although the rationale for this hypothesis^ may justify a one-tailed 
test of significance t two-tailed tests have been used except foi the 
Plsher exact tests. The spatial variable, VAR(55), presents no classi- 
fication probleMi. The dependent variable has numerous classifications 
used throughout the analysis. Table Twenty-one presents the main cross- 
breaks and one which eliminates those teachers requiring Individual pr6- 
Jects. 



TABLE 21 

CONTINGENCY TABLES FOR HYPOTHESIS SEVEN 



VAR(55) 
Individual 
Lab Space 



VAR(85), Percent Individual Projects 
None 1% Few 10-20% Heavy Coiiqpulsory 



Available 


107 


22 


1 

60 


64 


33 


49 




A 


B 


C 


D 


E 


P • • mG 




K 


L 


M 


N 


0 


P...Q 


Not 

Available 


90 


4 


29 


15 


3 


19 



Sig. * <;:.001 Test « Chi V = .270 C = .260 

Tau C = . 225 ^ G = .343 D = .257 



1 



Supra, ppo 3i~32. 




X 
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TABLE 21 -- Continued 




The Table Most Used 



Available 
Not 

Available 

Sig. = <o001 Test * Chi V = .248 C * .241 
Tau C = .219 6 = ,353 D = .250 



VAR(55) 

Individual 
Lab Space 



VAR(87)t Percent Individual Projects 
None Pew Several Coipulsory 



107 


45 


134 


49 


A 


B 


C 


D 


K 


L 


M 


N 


90 

1 


20 


31 


19 



VAR(55) 

Individual 
Lab Space 



The Table Not Including Con 9 >ulsory Category 

VAR(89), Percent Individual Projects 
None Some 



Available 

Not 

Available 



> 


179 

B 


K 

90 


L 

51 




Slgo = .001 Test = Yates C ^ .242 
Max. Phi = .77 Phi = .249 



®Tau C on the longest dependent variable for this hypothesis, 
VAR(126), was 0 . 234 . 



It is evident that the null hypothesis is rejected and that low 
assoclatlonal values do exist. Table Twenty-two shows the results of 
attei^ts to in 5 )rove the assoclatlonal values by specification of con- 
tingent conditions) only the crossbreaks producing the highest asso- 



ciational values are shown 
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Hypothesis Eight 

Although the rationale^ for this hypothesis may justify a one- 
tailed test of signmcance, the variation in age of junior high school 
buildings caused a wide diversity i.^ opportunities for biology teaching 
— thereby indicating the appropriateness of a two-tailed test. Some 
junior high schools_were well located for ecology field trips and often 
had well stocked supply >'ooms. Rarely did the junior high school have 
the large ancillary facilities justified in high schools. This latter 
point provides justification for one-tailed tests, although the risk is 

high.^ 

The small numbers Involved with this hypothesis often made it 
necessary to use the Fisher exact test. It is difficult to attain a 
two-tailed alpha of .05 with low frequencies. As usual, one-tailed 

tests are reported with the Fisher tests. 

Table Twenty-three presents the obviously insignificant main com- 
parison. Associatlonal measures are not given because of the lack of 
significance. The null hypothesis is not rejected by the comparison in 
Table Twenty-three, but specification may exfmlnate masking factors. , 

Table Twenty-four presents one significant crosshreak and two Inslgnl- 
flcant crossbreaks useful in showing the variability in junior high 



^Supra, p. 32. 

2ihe Involved risk pertains to the possibility that ® 
opposite relationship could be found. With one-tailed P**® ® 

investigator is obligated to Ignore such significant results. 



^A one-tailed Fisher exact test was used. 
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biology teaching. 

It appears that under certain clrcunstances, the location of ninth 
grade biology does Make a significant difference In teaching Methods* 
This phenomenon will be discussed In the next chapter. 



TABLE 23 

CONTINQENCY TABLE FOR HYPOTHESIS EIGHT 



YAR(8l) 

Inquiry vs. Product 



YAR(77), Junior or Senior High School Biology 

Junior Senior 



Inquiry 



Product 



10 

A 


17 

B 


C 

10 


D 

15 



Test = Yates Not significant 



TABLE 24 



HYPOTHESIS EIGHT — SPECIFIED CROSSBREAKS 
VAR(77) X VAR(8l) 



Contingent 

Condition 


VAR 


Test 


Slg. 


Phi 


1 

Max 

Phi 


C 


Frequency 


A 


B 


C 


D 


Preps/Day 

Two 

One 

Above two 


38 


Fisher 

Fisher 

Fisher 


.032 

1.00 

.404 


.412 

n/a 

n/a 


.80 

n/a 

n/a 


n/a 

n/a 

n/a 


1 

• • 

9 


11 

• • 

6 


8 

• • 

2 


9 

6 

• e 
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Hypothesis Nine 

Although the rationale^ for this hypothesis may justify a one** 
tailed test of significance, the conservative use of tv/o~talled tests 
proved tc be of value when conditions of darkening were trlchotomlzed. 
Table Twenty^flve gives the main crossbreaks for the two variations of 
the Independent spatial variable. Since the nitmber of films shown per 
year was normally distributed, division of this variable at the mean 
was equally justified as that at the median. Parorotric tests were also 
done, as reported In Table Twenty-six. 

There appears to little relation between ability to darken rooms 
and the number of films shewn. If first year teachers are eliminated 
from the analysis, results are still essentially the samo. Table 
Twenty-seven presents the significant results of specification attenqits. 

Hypothesis Ten 
2 

Although the rationale is stated so that a one-tailed test of 
significance would be proper, a two-tailed test Is being applied. Table 
Twenty-eight presents the main crossbreak. The null hypothesis is re- 
jected; closed circuit television does lead to significantly more use 
than broadcast television. However, disuse Is high and the assoclatlon- 
al values are low. Table Twenty-nine presents the significant results 
of specification. 



^Supra, pp. 32-33. 
2 

Supra, p. 33. 
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VAR(57) 

Darkenable 
for fllns 



YAR(140) 
Darkenable 
for films 



TABLE 25 

CONTINGENCY TABLES FOR HYPOTHESIS NINE 



Trlchotomous Spatial Variable 

VAR(136), Films/Year 
Below Mean Above Mean 



Yer 



Poorly 



No 



213 


145 


A 


B 


40 


32 


C 


D 


52 


13 


E 


F J 


.004 Test 


= Chi C = . 


Tau C = ,080 


V = ,150 



.148 



VAR(136), Fllms/Year 
Below Mean Above Mean 



Yes 


213 


A 


B 


145 


No 


52 


E 


F 


13 


Sig. 


, ^ .003 

Max. 


t 

Phi 


rest : 
= .55 


= Yates 
Phi = 



C = .151 



Hypothesis Eleven 

Once again, the conservative practice of using two-tailed tests 

tests) allows the reversal of the original 



o 

ERIC 



(except with Fisher exact 



thinking^ leading to the hypothesis. The ■aln crossbreak Is presented 
In Table Thirty. When subsequent crossbreaks lacked sufficient cell 
size, the distribution of lab coot was split at the median (VAR 8). 
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TABLE 26 

PARAMETRIC TESTS FOR HYPOTHESIS NINE 
VAR(57, 140) X VAR(94) 



VAR(57) Value 

. . 


Films 


Shown Per Year, VAR(q4) 


Mean 


Standard Derlatlon 


N 


1 Yes 


14.4 


10.4 


358 


2 Poor 


17.9 


12.2 


72 


3 No 


12.0 


9.7 


65 


Total 1, 2y 3 


14.59 


10.7 


495 


Total 1, 3 


14.04 


10.3 


423 



Trlchotomous F-test Variation: 
Source 

Between Groups 
Within Groups 



Mean Square 

609.16 

.11.636 



F-test * 5*45ii 



p * .005 



Dlchotonous F-test Variation: 



Source 



Mean Squfire 



Between Groups 
Within Groups 

F-test * 3.029 



318.94 

105.30 

p = .083 



DF 

2 

492 

r s n/a 



DF 

1 

421 




* -.085 



1 



Supra, pp. 



33-34. 
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TABLE 28 



CONTINGENCY TABIE FOR HYPOTHESIS TEN 



VAR(58) 
Type of T.V, 



VAR(98), Television Per 10 Weeks 





None 


Once 


Some-much 


l 








Closed Circuit 


62 


11 


9 . 




A 


B 


C 


BroL.'dcast 


224 


17 


4 




D 


E 


F 



Slg. = <.001 Test = Chi V * .236 



Tau C = .123 G * .550 D = ,164 



TABLE 30 

CONTINGENCY TABLE FOR HYPOTHESIS ELEVEN 



Cost Per Lab Period 



VAR(59) 

Central Storage 



I ,50 1.26 1.76 2.26 2.76 min, 

1.25 1.75 2.25 2.75 9.99 max, ^ 



Yes 


/ 


6 


31 


10 


31 




A 


B 


C 


D 


E 


No 


65 


58 


101 


50 


127 




F 


G i H 


I 


J 



$ .50- 
2.03 



over"^ 

2.05 J 



VAR(8) frequencies not 
given here. 



VAR(7): Slg. = ,045 Test = Chi C = ,140 V = ,142 

Tau C = -,070 G = -,162 D = -.122 
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10 

37 
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(9 


.499 

.829 

.628 

.816 

1.00 


Tau 
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V 


CM op VO 0 

® N ® in ® 

cn cn CM CM 

• • • • • 


Slg. 


0 »H CO 

Q ^ 00 

00 00 0 

• • n • • 


Test 


Chi 

Yates 

Chi 

Yates 

Fisher 


D.V. 

VAR 


® g ® Q g 

O' 0 O' 0 0 

M ^ 


VAR 


42 

128 

42 

128 


Contingent 

Condition 


Grade 

Ninth 

Ninth 

Budget/Pupl 1 
High 
High 

VAR(42+128) 

Ninth 

High 
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It Is erld«it that central storage Is significantly, but weakly, asso- 
ciated with Increased cost per lab period* The crossbreak with a spilt 
at the Median (VAR 8) also reflected the same conclusion* Specified 
crossbreaks are shown In Table Thirty-one} certain conditions have an- 
tithetical conclusions* 



Hypothesis Twelve 

The rationale^ for this hypothesis does not predict a rejection of 
the null hypothesis* Table Thirty-two presents the main crossbreak. 



TABLE 32 

CONTINGENCY TABLE FOR HYPOTHESIS TWELVE 



VAR(75) 

Greenhouse 

Available 



VAR(llO), Use of Living Plants 





Experimental 


Not So 


Yes 


52 


4o 




A 


B 




C 


D 


No 


59 


64 



Slg* = *270 Test = Yates Phi = .085 




Without the aid of specifiers, it appears that the presence of a green- 
house does not affect the use of plants by biology euid earth science 
teachers,^ 



^Supra, p* 34* 

2 

The question for data variable X(38) Units responses to these 
teachers as far as VAR(75) Is concerned* 
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The use of grade as a specifier produced one significant rela- 
tion out of all those screened. The sophomore level (mostly biology) 
teachers produced the crossbreak presented In Table Thirty-three. 



VAR(75) 

Greenhouse 

Available 



TABLE 33 



HYPOTHESIS TWELVE — SPECIFIED CR0SSBR3AK 
VAR(75 X VAR(llO) 

SOPHOMORE GRADE, VAR(42) 



VAR(llO), Use of Living Plants 
Experimental Not So 



Yes 



No 



35 


[ 

19 


38 


44 



Slg. = .053 Test = Yates C = .178 
Max. Phi = .86 Phi = .l8l 



Hypothesis Thirteen 

This hypothesis^ was tested with three variations In the spatial 
variable. Although none of the variations produced a significant cross- 
break, the three main contingency tables are shown In Table Thirty-four. 
The use of specifiers did not produce any significant crossbreaks 



> 




^Slnce the prediction was that the null hypothesis would not be 
rejected, the Investigator conservatively rounded the significance level 
to the nearest hundredth. 



^The rationale is explained supra, p. 35 i Infra, 
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TABLE 34 

CONTINGENCY TABLES FOR HYPOTHESIS THIRTEEN 



Spatial Condition 


Frequencies of Teachers 
VAR(lOl) 


Statistical Report 


Demo-Dry Lab 


Wet Lab 


Spatial VAR(72), Commercial Growth Chamber Availability 


Yes 


1 


4> 


Test = Yates 


No 


14 


166 


Slg. s none 


Spatial VAR(73), Commercial Growth Chamber Availability 


Yes 


1 


55 


Test = Yates 


No 


15 


199 


Slg. = .248 


Spatial VAR(74), Commercial Growth Chamber Availability 


Yes 


2 


88 


Test = Yates 


No 


14 


166 


Slg. = .121 



Hypothesis Fourteen 

Although the rationale^ for this hypothesis would allow one-talled 
tests of significance, two-talled tests are used In this analysis. The 
original hypothesis was comparing VAR(62) with VAR(103). Reference to 
the data variable X(52) In Appendix A will show that all phases of the 
course were considered. Table Thirty-five shows that no significant 
results are gained by using VAR(103), which Includes dry laboratory ex- 
ercises. Specification of contingent variables failed to reject the 

null hypothesis. 



1 



Supra, pp. 35-37* 




TABLE 35 



CONTINGENCY TABLE FOR HYPOTHESIS FOURTEEN 



VAR(62) 
Teacher Has 
Own Lab 



VAR(103), General Approach 

Yee 
No 

Slg, = ,080 Test = Yates Phi = .086 



Inductive Deductive 



79 


, 

59 


154 


168 



An Interesting finding resi lt« another dependent variable Is 

used. VAR(81 )t which concentrates on the laboratory phase of the 
course, measures the same axis In methodology as did VAS( 1O3) — the 
axis of product (verifying lab) versus process (Inquiry lab). Tables 
Thirty-six and Thirty-seven present the main, Insignificant ci'n»sbreak 
and the only specified crossbreak which Is slgnlUcant. 

Hypothesis Fifteen 

The rationale^ presented for this hypothesis is best evaluated 
with two-tailed tests. Frequency distributions were such that the in- 
dependent variable, size of largest sink, was utilized in two forms. 
VAR(76) Includes the category, no slnk| VAR(138) does not include this 
category. There are also two forms of the dependent variable: 

^Supra, p. 37* 
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1) VAFi(l09) which 1 b an extended categorization and, 2) VAR(l29) which 
la fonwd by a nedlan division for condensing cell frequencies under 
specification. When tau CS or chi square statistics do not yield signi- 
ficant results with VAR(109), the Kolmogorov-Snlmov Test can be applied 
when VAR(129) Is used. Table Thirty-eight presents the general cross- 
break. 



TABLE 36 

CONTINGENCY TABLE FOR HYPOTHEoIS FOURTEEN 
USING LAB CENTERED VARIABLE 




VAR(8l), Process vs. Product 



VAR(62) 
Teacher Has 
Own Lab 



Inquiry Wet Verifying 

Yes 
No 

Sig. = .258 Test Yates Phi - .058 



62 

/ 


76 


124 


196 



The null hypothesis Is rejected, but weak assoclatlonal values 
ray be the result of table condensation for significance tests. Table 
Thirty-nine presents a few crossbreaks with specifications. Soiie cross 
breaks have no sensitive significance tests that are applicable. 
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TABLE 37 

HYPOTHESIS FOURTEEN — SPECIFIED CROSSBREAK 
USING LAB CENTERBJ) VARIABLE 
VAR(62) X VAR(8l) 




VAR(62) 
Teacher Has 
Own Lab 



VAR(8l), Process vs. Product 



Inquiry Wet Verifying 



28 


14 


54 


64 



Slg. = 0O32 Test = Yates Phi = .184 




Max. Phi = .60 C = .181 



®The non-spatlal condition for this crossbreak is. that responding 
teachers belong to a young science department -- VAR(22), Young Average 
(Mean Years In Department). 



TABLE 38 

CONTINGENCY TABLE FOR HYPOTHESIS FIFTEEN 



VAR(76), Size Largest Sink 

Extra 

None Small Medium Large Large 



VAR(129) 
Labs/4 wedcs 


Low 


6 

A 


8 

B 


78 

C 


56 

D 


6 

E 


in Biology and 
Earth Science 


High 


I 

• • 


4 


39 


54 


10 






F 


G 


H 


I 


j ! 



Slg. = .05 Test = K-S V = .226 
Tau C = .218 Gamma = .360 D = .177 



132 
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Hypothesis Sixteen 

The rationale^ for this hypothesis allows a one-tailed test of 
significance, but two-tailed tests will be done conservatively. Table 
Forty fllves the nsin crossbreak e 

TABLE 40 

CONTINGENCY TABLE FOR HYPOTHESIS SIXTEEN 



VAR(78), Optically Dark 
Yes Other Roon No 



VAR(114) 

Linited with 
Optics— Physics 



Limited 



O.Ke 



10 ' 


4 


8 


41 


4 


’ 



Sig, = e037 Test = Chi C = .283 V = e295 
Tau C = .248 G = .519 D = .254 

The null hypothesis is rejected with weak association. Table 
Forty-one presents the one significant relation from specification 

attenqptSe 

Hypothesis Seventeen 

Although the rationale^ lor this hypothesis night allow a one- 
tailed test of significance, two-tailed tests are used. The main cross- 

break is presented in Table Forty-two, 



^Supra, pp, 37"38e 
^Supra, pp. 38-39. 
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TABLE 41 

HYPOTHESIS SIXTEEN — SPECIFIED CROSSBREAK 
VAR(139) X VAR(ll4) x VAR(26)f ^shorter period” 



VAR(114) 

Limited with 
Optics— Physics 



VAR(139), Optically Dark 



Limited 



No 



Yes No 



i 

1 


17 


6 


7 



Slg. = ,012 Test = Fisher 
Max. Phi = .67 Phi = .479 



TABLE 42 

CONTINGENCY TABLE FOR HYPOTHESIS SEVENTEEN 



VAR(104), Undirected Laboratory Mlnlmim 
At least 





One 


None 


Yes 


39 


46 


VAR(59) 






Central Storage 




i 


No 


184 


217 



Test = Yates Not significant 



The null hypothesis was not rejected In the main crossbreak | at- 
ten9>ts to find a significant crossbreak by use of specifiers produced 
only one significant contingency table which Is given In Table Forty- 




three . 
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TABLE 43 

HYPOTHESIS SEVENTEEN — SPECIFIED CROSSBREAK^ 
VAR(59) X VAR(104) 

VAR(104), Undirected Laboratory NlnMun 



Yes 

VAR(59) 

Coitral Storage 

No 

Slg. = ,012 Test = Yates C = .247 
Max. Phi = .75 Phi = .255 

The non-^spatlal condition for this crossbreak Is that students 
Involved have l8l-240 minutes of class time weekly — VAR(35)» value II. 

Hypothesis Eighteen and Eighteen Prime 
The rationale^ for the two variations of hypothesis eighteen justi- 
fies one-tailed tests of significance, but two-tailed tests will be used. 
The dependent vaxlables are chosen so that the modal methods of teaching 
are examined. No significant results were found with these hypotheses. 
Tables Forty-four and Forty-five give the main crossbreaks. There was 
a failure to reject the null hypotheses. Specification did not unmask 
any significant relations. 



At lea t 

One None 



17 


12 


26 


6o 



^Supra, pp. 39"^* 

dependent data variables are X(54) and X(55)« 
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TABLE 44 

CONTINGENCY TABLE FOR HYPOTHESIS EIGHTEEN 



VAR(105) 
Lab Centv»red 



VAR(64), Student After-hour Access 

Yes No 



Yes 



No 



29 


195 


27 

1 


245 



Test: Yates Not significant 



TABLE 45 

CONTINGENCY TABLE FOR HYPOTHESIS EIGHTEEN PRIME 



VAR(64), Student After-hour Access 

Yes No 



VAR(106) 

Modal Lab Effort 
was Inquiry® 



Yes 



No 



11 


77 


18 


123 

1 

1 



Test: Yates Not significant 



^Affirmative answer depends on an affirmative answer for VAR(105)» 

Hypothesis Nineteen 

Although the rationale^ for this hypothesis allows the use of 



^Supra, p. 40. 



o 
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one-tailed teats of significance, two-talXed tests are used. Table 
Forty-six presents the main crossbreak. 

TABLE 46 

CONTINGENCY TABLE FOR HYPOTHESIS NINETEEN 



yAR(l05; 
Lab Centered 



VAR( 66 ), Teacher After-hour Access 

Yes 
No 

Slg. = ,115 Test = Yates 



Yes i 4 o 



108 

A 


29 

B 


C 

92 


D 

40 



The null hypothesis was not rejected in the unspecified crossbreak. 
Specification produced three significant crossbreaks presented in 
Table Forty-seven. 



Hypothesis Nineteen Prime 

The rationale for this hypothesis is essentially the same as for 
hypothesis nineteen. Table Forty-eight presents the insignificant main 
crossbreak. The null hypothesis was not rejected. Specification at- 
tempts also failed to produce significant results. 

■ 






X 
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TABLE 47 



HYPOTHESIS NINETEEN ~ SPECIFIED CROSSBREAKS 
VAR(66) X VAR(105) 



Contingent 










Max 

Phi 








Frequency 


Condition 


VAR 


Test 


Slg. 


Phi 


C 


G 


D 


A 


B 


C 


D 


Single Per/wk 
4-3, Modal 


31 


Yates 


.023 


.191 


[ 

.65 


.188 


,409 


.211 


64 


16 


52 


31 


Double Per/wk 
One 


29 


Yates 


. 019 ® 


.346 


.38 


n/a 


1.00 


.645 


40 


• • 


22 


5 


Double Per Time 
40-120 


130 


Yates 


, 021 ® 


,037 


=34 


n/a 


1.00 


.635 


40 


• • 


23 


3 



^Marginal frequ^cles actually invalidate the significance test* 



TABLE 48 

CONTINGENCY TABLE FOR HYPOTHESIS NINETEEN PRIME 



VAR( 106 ) 

Lab Centered 
Effort is Inquiry 



VAR(66), Teacher After-hour Access 

Yes 
No 

Test = Yates Not significant 



Yes No 



42 


14 


71 


15 



®An affirmative reply on this question must have an affirmative 
reply to VAR(105). 
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Hypothesis Twenty 

The analysis of hypothesis twenty yielded no significant results. 

The presentation of the data Is not warranted since the table would be 
very Involved for a three dimensional crossbreak. The most likely source 
of problems with the hypothesis Is In the choices presented during the 
Interview. Most teachers elected the microorganism or non-living choice. 

General Hypothesis 

No formal Inferential analysis can be done on such a diverse group 
of specific hypotheses. Table Forty-nine lists the hypotheses with the 
significance of the main crossbreak test and the highest, significant 

p 

assoclatlonal value attained by specification. 

% ^ 

§ 

Of the t«i hypotheses found statistically significant, at least 
three can be considered liH)ortant. The general null hypothesis Is re- 
jectedi In some clrcumstancesy fcicllltles do correlate with Instructional 
method. There was a predominance of low assoclatlonal values. 

^Rationale Is given supra, p. 4l* 

^Gamma was not Included since maximum value Is attained easily. , 

Phi Is glvw for all 2x2 tables. 



TABLE 49 



SUMMARY RESULTS OF SPECIFIC HYPOTHESES 



Hypothesis 




Crossbreak Results 


Supra 


Unspecified (Main) 


• 

Speclfled- 
Hlghest Value^ 


pp« 


Test 


Significance 


’ Test Association 


1. 


Library 


98-101 


Yates 


eOOl 


Phi 


.629 


2. 


Classroom-Lab 


101-103 


Yates 


,001 


Phi 


.380 


2‘, 


Minimal Wet 


104-105 


Yates 


,001 


Phi 


.381 


3. 


Large Classes 


104-107 


Yates 


• • 


Phi 


.390 


4. 


Large Labs 


107-109 


K-S 


m • 


not 


done 


5. 


Outdoor Area 


108 


not done 


not 


done 


5'. 


Type of Area 


110-111 


Chi 


.057 


V 


.180 


6. 


Outdoor Problem 


111-113 


Yates 


.018 


Phi 


.183 


7. 


Indlv, Lab Space 


113-116 


Chi 


<,001 


V 


.509 


8. 


Jr. H.S. Inquiry 


117-118 


Yates 


• • 


Phi 


.412 


9* 


Films 


119-122 


Chi 


,004 


V 


.253 


10, 


Television 


119-124 


Chi 


<.001 


Phi 


.484 


11, 


Central St, Cost 


120-126 


Chi 


.045 


Tau C 


-.434*" 


12, 


Greenhouse 


125,127 


Yates 


.270 


Phi 


.181 


13, 


Growth Chamber 


127-128 


Yates 


.121 


• • 


• • 


14. 


Own Lab 


128-131 


Yates 


.080 


Phi 


.184 


15. 


Sink Size 


129-132 


K-S 


.05 


V 


.231 


16. 


Optics 


133-134 


Chi 


.037 


Phi 


.479 

' X 


17. 


Central St* -Lab 


133-135 


Yates 


• • 


Phi 


.255 ' 


18. 


Student Access 


135-136 


Yates 


• • 


not 


done 


18'. 


Student Access 


135-136 


Yates 


• • 


not 


done 


19. 


Teau::her Access 


136-138 


Yates 


.115 


Phi 


.191 


19'. 


Teacher Access 


137-138 


Yates 


• • 


not 


done 


20. 


Organisms 


139 


distribution did not allow analysis 



All assoclatlonal values have met an alpha condition of 0.03 • The 
association yielding the highest legitimate value Is listed* 

^The direction of the association varies with conditions. 
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CHAPTER V 

'' ^ 

CONCLUSIONS AND ANECDOTAL DATA 

This chapter will discuss the findings presented In Chapter Four. 
Although no search of the anecdotal records has yet been conducted, 
mention of anecdotal remarks will be made from general Impressions re- 
maining In the Investigator's mind at the time of writing. 

General Hypothesis 

It appears that architectural design does Influenc e teaching meth- 
ods In high school science , and that educational specifications deserve 
thought so that school plant design does not conflict with the Intended 
currlculumo^ Architecture may not be the major Influence on teaching 
method, but In certain situations It can be a limiting factor. Teachers 
must not be expected to overcome obstacles created by poor plant design. 

Furthermore, teachers may be unconsciously guided by certain architect- 

2 

uial characteristics so that they see no need to change their methods. 

The strong conclusion voiced above should nat be accepted without 
some reservations. Does the rejection of the general null hypothesis 
reflect a composite of errors, or Is it reasonable that chance could 

^Thls inference Is supported by the data presented on page l40 
and by rationale provided before the gathering of data. 

^Hypothesis one might Involve such an unconscious Influence of 
architectural curangement of school conq^onents . 
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account for the apparent relation between architectural dealpn and teach- 
Inp Methods In science? Becaase positive results require one peculiar 
allgn-ent of data fro. Multifarious possibilities. It 1. unlikely that 
previously hypothesized relations would be supported fortulto,.sly to 
such a large extent as In this study/ Many null hypotheses not re- 
jected were evaluated by poor saMples because of a Miscalculation on the 
prevalence of certain designs or practices. Furthemore, the faiure 
to reject a null hypothesis does not Indicate strong support for the 
null hypothesis. The crude attenpts at specifying relevant conditions 
of non-spatlal concerns gave surprisingly good results. The fact that 
all variables Increased, rather than decreased, their assoclatlonal 
values when specification occurred^, gives further Indication that a 
reasonably significant relation does exist between space and teaching 

method s 

If the apparaxt relation Is not due to chance, what could be Its 
causes? First, It Is highly likely that this research design would lead 
to Interviewing bias. However, It Is unlikely that this bias would oper- 
ate only with certain hypotheses. Bias Is not Indicated since some alter 
native hypotheses were not supported. In addition, some characteristics 
of design were found to have the opposite Influence as hypothesized. 

Second, spatial variables could be associated with other attributes 
of the school. The size of sinks, for Instance, might be associated 



^See supra, p. l40. 

^See supra, pp. 98-139 • 
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with the wealth of general equipment. This associative characteristic 
■ay have been the causal agmt of the tendency to spend certain amounts 
of time In the laboratory.^ 

Third, teachers may have been attracted to the facilities, rather 
than have been Influenced while serving at the school. For administra- 
tors, this Interpretation Is at least as useful as any hypothesis pre- 
sented In this thesis. 

Fourth, administrative practices could have forced utilization of 
existing facilities. Anecdotal remarks almost Invariably Indicated the 
contrary tendency | administrative procedures usually Impeded the usfe of 
facilities (or allowed the teachers to do what they wished). 

Specific Hypotheses 

Table Fifty presents a summary of the findings for the various 
specific hypotheses. Each hypothesis Is then discussed at length. 

2 

Hypothesis One (Library Usage) 

The library can be adjacent to the science department or separated 
from the sclcaice department by non-science classrooms. When the li- 
brary Is adjacent to the science department, a significantly greater 
proportion of science teachers take (or often send) students to the 

^The number of periods per four weeks devoted to laboratory work 
Is the dependent variable of hypothesis fifteen, supra, pp. 37 » 129-132. 

^This hypothesis was discussed supra, pp. 25—26, 90—101. 

Adjacent” Includes the condition wher« a corridor, but no non- 
science classrooms, may be Interposed between the science department 
and the library. 



. ^ 
ERIC 



144 



I 




ERIC 



145 







ERIC 



146 




2 E 

o 

CD 



i 



lA 

TJ 
0 ) . 

• • 

•S £ 

-M 

U 0 ) 
0) D 



0 ) 

E 

5 



0 ) 

j: 

-M 

0 ) 

£ 

0 

+> 

■S 

iH 

'3 

<H 



0 

+> 

cj; 

s 

iH 

•H 

(d 

<H 

§ 

0 . 

s 

•H 

TJ 



g 

0 ) 

tn 

0 ) 

in 

0 ) 

u: 

-M 

0 

I 



m 
0 ) 
m 
0 ) 

ll 

J 

ti »H 



0 

<H 

0 ) 

£ 

H 



0 

<H 



0 ) 

i: 

H 



(d 



o 

N 



^ •» 
(A 







‘i. f 




147 



library during classtlme. 

There Is still a large number of teachers who do not give library 
instruction. Teachers commonly thought that the English department 
should give such Instruction. The low assoclatlonal value may reflect 
that some indirect access routes provided little chance of annoying 

classes because of the nature of the classes. 

If only teachers of Introductory science subjects In early high 
school grades reply, the relation Is stronger. Library skills are often 
assumed by junior and senior class teachers, unless the school has a 
low number of entrants into college. For those schools placing a 
large number of students In junior colleges, or having a lev# to average 
number of total college entrants, the response to proximity of the li- 
brary Is strengthened. A high budget for the science department also 
strengthens the relationship, possibly by correlating with a high bud- 
get for the library which makes library visits more profitable because 
of an abundance of resource materials. However, a high budget for the 
science department tends to raise rewards for staying in class or lab- 
oratory, making a visit to the library less rewarding. If the library 
Is distant, high budget teachers tend to stay away* 

Hypothesis Two (Wet Im.ulry Lab Modal 
This hypothesis concerning the association of wet Inquiry methods 
with the classroom-laboratory Is most Important. Teachers working In 



^Thls hypothesis was discussed supra, pp. 26-28, 101-104, 105 . 



classroom-laboratorle* significantly tend store toward wet Inquiry tech- 
niques than those using separate laboratory facilities. 

The low assoclatlonal value may reflect several factors revealed 
by anecdotal remarks, k few schools have over-built facilities so that, 
a laboratory Is usually free for a class if the teacher wishes to have 
an impromptu lab. The vast majority of teachers' remarks related to 
the classroom-lab being used for verifying study. If labs are not taught 
by the dlscussion-lecture-recltation teacher, coordination available 



under one teacher In a classroom-lab facility Is usually lost. If labs 
are still scheduled once or twice per week, classroom-labs may be as In- 
flexible as separate classrooms and labs. Some laboratory schedules are 
determined by assignment of a special class of students to a double per- 
iod. If a teacher conducts the laboratory for some of his students 
mixed with another teacher's students, the teacher would rarely break 
the schedule of experiments to give lab experiences to his students at 
appropriate Inquiry times. The most appropriate administrative practice 
for inquiry teaching In classroom-laboratories is to give one teacher 
charge of discussion and laboratory. Short periods usually prevent ^ 
chemistry labs from occurring except in double periods. Biology, prob- 
ably, could be most responsive to opportunities with single period labs. 
Modular scheduling with open labs (students elect time for lab In their 
free mods) allows teun teaching without the coordination difficulties 




^One school's schedule was centered around especially long periods 
for chemistry and physics ~ Ithaca dlgh School In New York. 



previously Motioned 



Specification att^q)ts reveal some factors which Intensify the as- 
sociation between the variables. Because many second or advanced courses 
are not Inquiry oriented, the relation holds more for first course aver- 
age students o If teacher load puts a premium on organizational effici- 
ency with two or more preparations, the advantage of a classroonnlabora- 
tory Is more apparent. Young departments also tended to have less veri- 
fying classes being taught In classroom-laboratories. The mood of the 
departobrat, not the l^gth of Individual experlencet Influenced the as- 
soclatlonal value. 

The modified statement of hypothesis two was also significant. 

The statement was revised so that those teachers holding fewer than 
wet lab per we^ were not csnsldered In the analysis. 



Hypothesis Three (Cooperative Asslgnm^ts)^ 

The occurrence of team teaching usually enables teachers to meet 
together for occasional leurge classes. The results of the analyses 
could pertain only to large classes under team teaching since the nom- 
inated schools rarely had large Individual loads for their teachers. The 
analyses were handicapped by highly skewed distributions. 



2 

Hypothesis Four (Lab Team Approach) 

Very large laboratories were not found In the nominated schools. 



] 

This hypothesis was discussed supra, pp. 28-29, 104-107* 

j) 

"This hypothesis was discussed supra, pp. 29-30, 107-109* 
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within the lliults of variation found, there were no alBnlflcant results. 
Anecdotal renartcs indicated that teachers often Introduced a few tea»- 
approached labs into the course, but rarely felt that the tea- approach 
was justified as a modal method. Those teachers who did practice the 
team approach, in good faith, did see its excitement and advantages. 

Hypothesis Five (Outdoor Individual Projects) 

No analysis was possible for this hypothesis. Greater discrimina- 
tion as to what was available In the outdoor area may have led to signi- 
ficant conclusions. There was an apparent lack of awareness of oppor- 
tunities for outdoor study In many situations. Late spring and early 
winter were given as factors for lack of school woodlot utilisation In 

rural New Han 5 >shlree 

Hypothesis Five Prime (Type of Area— Projects) 

There Is general difficulty In finding significant associations 
between type of outdoor area and number of Individual projects. Even 
when a significant relation Is found, the assoclatlonal values are ex- 
tremely low. Evidently project .»e of undeveloped outdoor areas Is not 
a prevalent practice. Only In a few schools was outdoor utilization 
thought to be relevant to the curriculum. Evidently, teachers and stu- 
dents lack an awareness of the potential of outdoor projects. It may be 
legitimately contended that for certain types of courses, outdoor 

^Thls hypothesis was discussed supra, pp. 30 , 108 . 

^Thls hypothesis was discussed supra, pp. 30-31 1 HO-lH. 




151 



projects may not be appropriate. Nonetheless, most teachers do not re- 
quire Individual laboratory projects to be In any certain subject area. 
In fact, such a requirement would preclude many long range projects of a 
high calibre. If students are free to choose outdoor projects, they are 
neglecting the challenge of outdoor research. 

Hypothesis Six (Type of Outdoor Classroom)^ 

Of teachers who have undeveloped outdoor areas, rather than de- 
veloped areas, a significantly greater parentage conduct at least one 
Inquiry field trip. The assoclatlonal value Is low. The question 
supplying answers for the dependent variable X(48), Is answered by only 
these who feel that the outside can bo utilized with the present curri- 
culum. Assoclatloaal values are raised slightly when teachers belong 
to a department having five to eight mean years of membership or when 
teachers have mere than one preparation per day. Under the first con- 
tlng^t condition, a greater percentage of teachers take advantage of 
the undeveloped area than In other crossbreaks. 

Outdoor problem solving activities that occur with developed out- 
door areas may Involve physics exercises or certain biology labs. The 
connnon biological exercise was a population study of dandelions. 

Hypothesis Seven (Individual Lab Space 
This hypothesis tests whether or not the percentage of individual 



^Thls hypothesis was discussed supra, pp. 3 I, III-II 3 . 
^Thls hypothesis was discussed supra, pp. 31-32, 113-116. 
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projects Is associated with available space for housing these projects 
In undisturbed fashion. There may have been a tendency to stretch the 
truth in replying, especially at the lower end of the percentage range. 
This Is why some scales combined zero and one percent answers. Compul- 
sory science fair projects may be carried out under administrative pres- 
sure without regard to available space for project work. Some scales 
eliminate the compulsory category when comparing percentage with avail- 
able space. All non-speclfled crossbreaks were significant with low 
associati<Hial values. The availability of individual lab space is as- 
sociated with more students doing lab projects. 

When the compulsory projects are not Included in the set of replies, 
the highest associational values are found with schools having high total 
college «irollments and with classes having low or high ability students. 
When teachers have two preparations per day and teach low ability young- 
sters, space becomes highly associated with the undei*taklng of project 
vork by low ability students. 

Hypothesis Eight (Ninth Grade Biology)^ 

A consequence of placing advanced junior high school students in 
ninth grade biology is being evaluated with this hypothesis. Junior 
high schools presented a great variation In design and resources. With- 
in one school system It may be that two different junior high schools 
present biology In opposite ways. The unspecified c”ossbreak was not 

^Thls hypothejsls was discussed supra, pp. 32, 117-H8* 
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significant. 

Up<m sped fl cat l<m, It was found that junior high teachers who were 
not "super” teachers (teaching three or more different courses), did 
tend to teach a product oriented biology more than high school teachers 
who had two preparations per day. It Is Interesting that all six teach- 
ers who taught nothing but ninth grade biology In senior high schools 
taught with product orientation. 

Hypothesis Nine (Film Showing)^ 

The ability to show films conveniently In one's own classroom was 
slightly associated with the number of films shown. (Specification In-, 
creased the assoclatlonal values to some extent . ) When answers Indica- 
ting poor, but adequate CMidltlons were Included In the analysis, signi- 
ficantly more films were shown under poor conditions. This strange 
finding can be explained If the "labeling of conditions” is considered 
a dep^d^t variable of the number of films shown. That is, teachers 
who showed the most films voiced the most dissatisfaction with conditions. 

If all teachers felt that films could be useful, this hypothesis 

might have had higher assoclatlonal values. Many teachers did not show 

films although excellent viewing conditions existed. Most conq)lalnts 

dealt with poorly constructed Venetian blinds, Inability to ventilate 

darkened rooms properly, or with light contamination from high hall 

I 

windows . 

^Thls hypothesis was discussed supra, pp. 32-33 » 119-122. 
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Hypothesis Ten (Television)^ 

Broadcast television was not used by teachers to any great extent 
since scheduling of show tine was rarely coordinated with their classes. 
Closed circuit television was used to a greater extent than broadcast 
television, but utilization was still low. Probably the most use tele- 
vision received was in showing films in well-lighted roomb. A few pro- 
jects were being carried out with television in the ninth grade. The . 
u«e of closed circuit television increases with high science budget per 
pupil and ninth grade contingent conditions. 



Hypothesis Eleven (Central Storage)^ 

It appears that high cost per lab period is weakly associated with 
centralized storage. Upon specification, there are certain conditions 
under which the cost per lab is lower in association with centralized 
storage. These conditions are when the school enrolls over 1000 stu- 



dents or wh«i a young science department exists in a school of 1001- 
1250 enrollment. Very strong association with higher coots occurs with 
young departments in schools of 751-1000 enrollment. 



3 

Hypothesis Twelve (Greenhouse) 

This hypothesis is stated only as the null foniM it cannot be sup- 
ported In the e«ee sense as the other hypotheses, rejection of the null 






^This hypothesis was discussed supra, pp. 33 i 123-124, 



^his hypothesis was discussed supra, pp. 33-34, 123, 126, 
^Thls hypothesis was discussed supra, pp. 34, 125, 127. 
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hypothesis being the only possible conclusion. In Its unspecified for* 
the null hypothesis was not rejected. Only biology and earth science 
teachers answered for data variable X( 38 ) which Is VAS(75). If the 
crossbreak, comparing the use of living plants and availability of a 
greenhouse, Is limited to the s>phoirore grade (predominantly biology) 
then the relationship between the two variables does become significant. 
The assoclatlonal value Is one of the lowest for specified crossbreaks. 
Anecdotal remarks reveal that plants used do not come often fro* the 
schoel’s greenhouse. Close cooperation with local greenhouses has re- 
sulted In excellent fulfillment of biological needs In some schools. 

A few schools have used their greenhouses with amaaslng success. Other 
schools have hired pers<Minel having greenhouse managerial experience^ 
however there Is a tendency under these situations not to use the green- 

house for plant physiology experiments. 

The problems with most greenhouses were poor heating, Inad- 

equate ventilation and humidity control , and too small a size to pre- 
vent overheating by the sun. 



Hypothesis Thirteen (Growth Chamber) 



2 



An alternative or additional facility for greenhouses Is the arti- 
ficially Illuminated growth chamber. Expensive commercial units with 
fine tolerances have been on the market, and only recently some schools 




^See Table Thirty-two, supra, p. 125. 

^Thls hypothesis was discussed supra, pp, 35 1 127“128. 



f 







136 



within the sample have begun to explore possibilities of large home- 
made units. The presence of a commercial growth chasiber failed to af- 
fect the frequency of biology and earth science teachers using demon- 
strations , Instead of wet labsy as a modal laboratory technique. Anec- 
dotal remarks Indicated that In all but a few cases ^ the growth chamber 
was far from the focal point of any large section of laboratory work. 

Hypothesis Fourteen (Own Room) 

This hypothesis considers the effect of teaching in one's own room 
rather than sharing a room. The relation was not significant. Anec- 
dotal remarics reveal that an all Important factor may be the conq>atl- 
bility of teachers sharing the room. Another factor to be considered Is 
the possibility that one teacher considers It his room, although It Is 
shared. The floating teacher who had no room of his own, often com- 
plained of that situation. 

As suggested In the rationale , the teacher's office should have 
access to the hall without annoying classes which are In session. Anec- 
dotal remarks reveal that quite a few offices have classrooms as their 
access passageway. As a result classes must become accustomed to con- 
stant Interruptions or the office (and often associated prep rooms) will 

be unused. 

^Thls hypothesis was discussed supra, pp. 35-37» 120-131. 

2 

Supra, p. 36 . 
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Hypothesis Fifteen (Sink Slze)^ 

The null hypothesis is rejected for this hypothesis! the size of 

2 

the largest sink is significantly associated with the number of labs 
in biology and earth science* The cussoclatlon becomes more dramatic , 
with luiknown significance, when only considering teachers having ten to 
thirteen years of experience* Biology, alone or in conjunction with 

3 

the previous specif ler^ also improves the assoclatlonal value. 

One should realize that the size of sinks may be correlated with a 
third variable having greater significance t or the association found 
significant in this analysis may indicate even small factors also in- 
fluttice teaching methods* 

Hypothesis Sixteen (Optics Exercises)^ 

This hypothesis tries to see if the presence of unavoidable sun- 
light or hall light is a limiting factor of which physics teachers ai*e 
aw£u^* A significant association does exist between the inability to 
dark^ the room and physics teachers who feel limited in the selection 
of optical exercises dealing with any ph^omenon of light. Factors 

! 

which lower the assoclatlonal value are the lack of equipment or use 
of standard courses not requiring dark rooms. The relationship has a 



^Thls hypothesis was discussed supra, pp. 37 i 129-132* 

t 

2 

Number of labs is expressed in single period equivalents* 

3 

See Table Thirty-nine, supra, p* 132. 

4 

This hypothesis was discussed supra, p,o. 37'~38, 
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higher aseoclfitlonal ralue when oonBlderlng physics classes with short 
periods • 

Hypothesis Seventeen (Undirected Wet Lab) 

The aaln croesbreek did not find a olgnlflcant relation between 
the presence of centralised storage and the use of at least one un- 
dlrr-ted laboratory exorcise. When considering only classes having 
181-240 nlnutes per wedi, a significant relation Is found. The absence 
of centralized storage tends to be significantly associated with teacher, 
not utilizing the undirected technique. The assoclatlonal value Is only 
moderate, probably bec««e of s»ll cumulative factors not appearing I.' 
the crossbreslt techniques used In this thesis. 

Hypothesis Eighteen and Eighteen Prime (Student Access) 

The problem of the effect of after-hour studeixt access on the 
manner of Instruction Is over-shadowed by the fear of unsupervised 
student accldaits or misconduct on the- part of poorly selected studaits 
given the trust of the administration. Extremely few schools peimlttod 
evai o-ie student to come In and maintain living specimens when Just a 
custodian was In the school. Anecdotal remarks did Indicate that In 
past years, Individual projects were stlmlated by teacher, superrlslng 
students late afterooMui or on Saturdays. It was the unusual department 
which maintained supervision until 5=00 P.M. Although extended field 

^Thls hypothesis was discussed supra, pp. 38-39, 133-135. 

^Thls hypothesis was discussed supra, pp. 39-40, 135-137. ^ 
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trips are currently taken with enthusiasm in some schools, projects are 
no longer attractive to the vast majority of students. 

The lack of effect on class procedures in science may be a tribute 
to the organization of teachers. The Insignificance of the crossbreaks 
may also Indicate that custodians and teachers are adopting the chores 
that might be accwnpllshed by stud^ts. ^ 

Hypothesis Nineteen (Teacher Access) 

The effect of aftei>-hour access by teachers to their laboratories 
was felt more strongly in anecdotal remar?’^s than In the crossbreaks. 

The main crossbreak failed to reject the null hypothesis concerning a 
relation between tefudier access and lab centered class activity. When 
<mly classes having the usual number of periods per week were considered , 
the relatlwishlp did become significant. Evld«itly, a lack of time In 
class or an abundance of time In class was masking the relationship In 
the main crossbreak. 

Some teachers disliked the responsibility of having keys for the 
school. Female teachers revealed, In anecdotal remarfcs, a dislike for 
deactivating burglar alarms to gain entrance to school. In some cases 
the Inconvenience of obtain! -g a key or permission for entrance has 
antagonized laboratory ori^ited teachers. In rural situations, the ease 
of getting a key from the principal's home (or department chairman's 

^This hypothesis was discussed supra, pp. 40, 136~138. 

Sable Fortynseren, supra, p. 138. 
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hoB») alleviated the need for individual keys. 

Hypothesis Nineteen Prime (Access-Inquiry)^ 

When teachers who taught a lab centered course were asked If their 
lab was Inquiry orleuted^ a large number of teachers having after-hour 
access answered, ”no." This had the consequence of making this varia- 
tion of hypothesis nineteen Insignificant. (A smaller percentage of 
lab oriented teachers without after-hour access answered that they were 
not Inquiry oriented.) 

2 

Hypothesis Twenty (Modal Organism) 

Because microorganisms were, by far, the predominant organism used 
In lab, too few replies regarding the use of plants or animals weie 
available for analysis. Anecdotal remarks reveal that all types of 
organisms seemed to be used with equal enthusiasm. 

^Thls hypothesis was discussed supra, pp. 40, 137-138. 

^Thls hypothesis was discussed supra, pp. 4l, 139. 
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CHAPTER VI 

APPLICATIONS AND INTERPRETATION 
Educational Specifications 

Ehrld^ce presented by this study might convince some administra- 
tors to devote more energy to educational specifications. The trans- 
lation of these specifications Into architectural plans Is primarily 
the duty of the architect.^ However, It would seem appropriate for edu- 
cators to supply feedbac;k for architects who feel certain designs em- 
body the Intended educational uses of the space and collective aspira- 
tions of the Instltutlcm. Apart from supplying g^eral Indications 
that architectural characteristics might Influence teaching, this sec- 
tion attenq)ts to show that data presented In this thesis can be used In 
translating educational specifications Into school plant design. 

It must be remembered that failure to reject a null hypothesis 
proves nothing. Failure to find a significant association does not mean 
a lack of significant association. Therefore, only the positive results 
allow conclusions and application. This section will mention only 



Two national authorities who mention the appropriate limits of 
educational specifications are cited below. 

VTllllam Caudell, Toward Better School Design (New York: F.W. Dodge 
Corp., 1934), p. 28. 

W, E. Martin et al , "Facilities, Equipment, and Instructional 
Materials for the Science Program," Rethinking Science Education . Fifty- 
ninth Yearbook of the National Society for the Study of Education, 

Part I (Chicago! University of Chicago, i960), p. 233* 
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applications derived from significant associations. 

As explained earlier^, the application of this survey’s findings 
serves as a test for the causal Interpretation given for the associa- 
tions found In the data. If architects follow reconnendatlons found 
here and If the desired Influence on teaching Is not achieved, then the 
causal Interpretation must be modified. Architects and educational con- 
sultants need not Ignore data found In this survey because a causal con- 
nectlon has been left untested. This survey presents the best evidence 
yet given as feedback on architectural influence In science teaching. 

Inquiry Teaching 

Inquiry teaching can Involve both dry and wet laboratory ex- 
periences. The modified hypothesis fourteen Indicates that for young 
science departments, giving a teacher his own lab room will enhance the 
chances of Inquiry teaching method.^ This Is only true If one believes 
that wet lab Is a necessary Ingredient of the Inquiry approach. Put 
another way, forcing young teachers to share rooms significantly lowers 
the chances for an Inquiry program utilizing at least one wet lab per- 
iod per week. 

A major architectural Influence appears to be the separation of the 
lab space from the classroom.^ Teachers should be able to conduct 

^Supra, p. 16 . 

^For supportive data and conclusions for the modified hypothesis 
fourteen see supra, pp. 35”37 i I28-I3I, 156. 

^Supra, pp. 26-28, 101 105, 147-1^9 • 
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laboratory exercises at any time. For the Influence of architecture to 
be felt, a teacher should be assigned to his group of students for all 
phases of the course. The length of periods may restrict chemistry 
teachers from utilizing single periods, but biology teachers often can • 
take advantage of even forty minute periods. If wet Inquiry teaching 
Is desired, an Introductory course with average college preparatory 
students taught by a teacher having more than one preparation should be 
held In a classroom- laboratory. This Is especially true If the depart- 
mmt has not functioned long as a team. The relation also Is signifi- 
cant when specification Is limited to slightly more mature departments. 

The general association of classroom-laboratories with wet inquiry 
teaching declines when the class of concern Is of low or high ability. 

Is a second course, Is the only class taught by the teacher, or is given 
In a school having an exceptionally mature department, 

survey yields some significant data regarding the modal use of 
wet Inquiry methods In biology. It appears that four year high schools 
are more conducive to wet inquiry methods than are junior high schools. 

This generalization is only true when speaking of teache s having two , 

preparations per day. Teachers who can handle three or four prepara- ^ 
tions per day will teach wet Inquiry with the same probability In either 
type school. The heavy-load teachers were often energetic, young, ef- 
fective teachers. With perimeter storage In junior high schools, there 

^For supportive rationale, data, and conclusions see supra, pp* 32, 

117-118, 152-153. 
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Is a possibility that preparation for lab work Is more efficient and 
takes less time than organizing formal lectures. This explanation Is 
peculiar to Junior high schools where equipment supplies only one class 
of advanced ninth graders. 

The presence of only developed (landscaped) land accessible for 

period length field trips significantly limits the use of the outdoor<^ 

area for Inquiry exercises.^ The association becomes somewhat more 

pronounced whoi a teacher's colleagues In the science department average 

2 

five to eight years of experience In the same school. 

Vet Laboratory Teaching 

If a large amount of time Is to be devoted to laboratory work, 

adequate time must be allowed for organizing the laboratory period. 

For extensive wet laboratory activity, the lack of after-hour teacher 

3 

self-access to the school becomes an lnq)edlment. Anecdotal remarks 
revealed that arranging for custodians to let teachers In the school or 
signing out keys for specific access privileges usually does not suffice 
as an alternative for the Issuing of keys to teachers » If security 
precautions are needed^ separate access to science facilities could be 
designed Into the building. The practice of having numerous keys for 
various stockrooms and cabinets throughout a science department Is 

^For supportive data and conclusions see supra, pp. 31 y lll-*113i 131 • 
^For definition, see X(7)t Infra, p. I76. 

For supportive rationale, data and conclusions see supra, pp. 40, 

136-138, 159-160. 




annoying to most teachers who increasingly find cross-disciplinary needs 
in equipment and chemicals* 

Evidently, equipment does make a difference with biology and earth 
science teachers in regard to the amount of laboratory they conduct. 

Even among excellent science teachers, Improvisation does not mask the 
effects of an In^roperly equipped laboratory. The data for hypothesis 
flfte;n^ shows that there is an eussoclatlon between the size of sinks 
and the amount of laboratory work done in earth science and, especially, 
biology. Earth sci«ice laboratory takes many forms, including a large 
amount of map reading. If mlnerology and model eroslonal systems are 
to be subjects of lab work, sink space and large spaces with natural 
drainage may aid the teacher. 

If the desire for undirected wet laboratory exercises appears in 
the educational specifications, problems may arise with the J jgistlcs 
of complex experiments. Small amounts of time allocated for the class 
probably prohibits undirected lab workf however, the average time spent 
in class (Including lab work) evidently makes central storage a valuable 
asset for undlrf^cted work.^ It may be found that the pre-ence of a lab- 
oratory assistant and high cost of equipment per lab period, both being 
associated with centralized storage, are additional factcyrs allowing 

^Rationale, data and conclusions appear supra, op. 37 . 129-132, 

157 . 

2 

e.g», sand piles. 

^Rationale, data, and conclusions supporting this statement are 
found supra, pp. 38 - 39 , 133 - 135 » 158 . 



at least one undirected lab exercise per year# 



Miscellaneous Methods 

Use of the library 

If training In library research techniques Is desired In connection 
with the science curriculum, the library will more likely be used during 
class if it is adjacent to the science department.^ Teachers may tend 
to give im>re library instruction when the library is near and when .^he 
general student body needs counseling in study technique as indicated 
by high junior college admissions and low four year college admissions. 
If the science department budget is high, the Influence of the proximity 
of the library is pronounced. 

Use of television 

because broadcast television possesses such large scheduling prob- 
lems, it was rarely used in the schools visited. Closed circuit tele- 
vision was used more frequently than broadcast television, but overall 
usage of this expensive equipment was low. Use was highest in the 
ninth grade and was associated with a high departmental budget. 

Showing of films 

The convenience of being able to darken a room adequately for 



^Rationale, data and conclusions for this statement are presented 

supra, pp. 25-26, 98-101, 143, 147* 

^Previous discussion and data on television usage occurs supra, pp. 
33, 119, 123, 124, 154. 
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showing color films Increased the tendency to show films, especially In 

earth science. Other specifications Improving the association were the 

^ 1 

average student level and extremes In number of double periods per week. 

There seems to be little excuse for poorly operating Venetian 
blinds or high Interior windows not being darkenable. Teachers tend 
to show films even under Irritating circumstances; the more films shown, 
the more annoyance Is generated. In general, adequate allowance for 
cooling a darkened room has not been made. Opening windows with closed 
Venetian blinds often creates distracting rattles and may damage the 

blinds . 

Stimulation of Individual projects 

The provision of space for Individual projects significantly 
raises the percentage of students engaged In Individual laboratory pro- 
jects.® However, individual projects are not as popular, with students, 
as they were several years ago. The association between project work 
and Individual space Increases with the school’s stress on college en- 
trance. Low and high ability students take greater advantage of the 
spaces available and are discouraged in project activity by the lack of 

space. 

If locked Individual lab spaces are to be constructed, other aids 



^Rationale, data and conclusions are found supra, pp. 32-33 i 
119-12?, 153 . The non-speclfled test is of doubtful Importance. 

^Rationale, data and conclusions are found supra, pp. 31-32, 

113-116, 151-152. 
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to individual projects must be planned to Insure the use of the spaces 
which are quite costly. Financial aid for student equipment, resource- 
ful teachers, and after-hour teacher access with possible financial com- 
pensation might stimulate better use. Many schools had unlocked space 
which was not being used. Disinterest on the part of students was the 
main reason for space not being utilized. Schools might’ well reconsider 
their commitments to individual projects before designing spaces for in- 
dividual projects. Group project work in conjunction with science sym- 
posia may attract more gifted pupils to project work than are now being 
attracted by individual work. 

The provision of undeveloped outdoor areas had very low, but signi- 
ficant, association with percent of individual projects done in average 
level first courses?^ The implication of this finding may reflect a 
lack in teacher training for the use of outdoor areas for research. 

Lower equipment and supply costs 

If the school contains a young science department and enrolls be- 
tween 751 and 1000 students, higher costs are associated with central 
science storage. When schools have over 1000 students enrolled^ cost 
of equlpmmit and supplies per lab period is reduced with centralized 

storage. The management of the storage area may require the hiring of 

2 

a lab assistant, which may offset the savings in lab expenditures. 



^Supra, p. 111 , 

^Rationale, data and conclusions for centralized storage are found 
supra, pp, 33-34, 123 1 126, 154, 




Optics experiments 

If physics clflsses are to study optics ^ physics teachers feel less 
restricted when they can darken the room. Only one fifth of the physics 
teachers In rooms having proper darkening ability felt limited by other 
factors. One half of the teachers In undarkenable rooms felt limited 

by some factor.^ 

In the design of any science classroom or laboratory , sunlight 
could be considered a contaminant. The ability to darken a room Is ad- 
vantageous not only for optics, but for experiments In photochemistry, 
plant physiology, and animal physiology as well as for film showings. 

Consequences of Architecture 

The findings of this survey need not be Interpreted only as a guide 
for translating educational specifications into architectural realities. 
One other usage. Illustrated here, examines the’ consequences of archi- 
tectural practice. 

What happens when schools have greenhouses? When limited to the 
sophomore grade (predominantly biology), there is a slight tendency to 
use plants experimentally. This Is disappointing considering the cost 
of constructing and maintaining greenhouses. Consideration should be 
given to large, fluorescent ly illuminated growth chambers or at least 
to more expensive greenhouse models with automatic facilities. 

^Rationale, data, and conclusions are found supra, pp. 37-38, 

133-134, 157-158. 

Slypothesis twelve 1s discussed supra, pp. 34, 125i 127 » 154-155. 
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Summary 

The work of the Facilities Research Pw»jact has shown that archi- 
tecture Is one of several significant Influences on teaching methods 
used In sclei.ce Instruction. The specific Information gained may serve 
KS a guide for decisions to be made In designing new schools. Anecdotal 
remarks may be of help In pointing out possible Inq^rovements In archi- 
tectural practice! further tabulation of anecdotal remarks remains to 
be accomplished. 

Major findings are enumerated below; 

1. Teachers working in clcssroom-laboratorles tend more toward wet 
Inquiry techniques than those using sepa-ate laboratory facilities. 

2. When the llbr€ury Is adjacent to the science departn.ent, a greater 

proportion of science teachers take or send students to the library 

2 

during class time. 

3. There is a general disuse of outdoor areas, individual project ^ 
space, and greenhouses.^ This fact Is accounted for by various reasons, 

soi:ie may involve tecujher training. 

Microorganisms are the predominant living organism used in second- 
ary school science, and ye-c neither teacher training nor design of 

^This is a summary statement of the analysis of hypothesis two. 

^This is a summary statement of the analysis of hypothesis one. 

^Thls statement is based on the analyses of hypotheses five prime, 
six, seven, and twelve. 
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laboratories takes this fact into consideration* 

5, Under normal circumstances, self-access by teachers to lab faclll- 

, 2 

ties is desirable for lab centered classes. 

6. There are many situations where advanced ninth graders in junior 

high schools have less of a chance being taught biology by wet inquiry 

methods than if they took tenth grade biology. In these cases, the^rost 

talented science-oriented students get the least authentic, often boln^, 

3 

science instruction* 



k New Area of Research 

To some researchers, the design of this study may have seemed loose 
and unsophisticated. Such critics would argue that the general hypoth- 
esis was too broadi control of its study was too problematical. They 
would argue that, at best, only one specific hypothesis should have been 
Investigated t«o that all conceivable non-spatlal variables could have 
been taken into account. In fact, some have argued that good research 
concerning the influence of architecture is not possible with our pre- 
sent state of knowledge about teacher behavior and other relevant 

variables. 

The research presented here has been an attenq>t to explore a large 
problem without the complete control desired by other researchers. A 

^Thls fact is taken from the data gathered for hypothesis twenty. 

^See hypothesis nineteen, especially supra, pp. 137-13B, 159-160. 

^Thls is a summary statement of the analysis of hypothesis eight. 
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new, fertile area of practical concern haa been explored. Despite the 
rather coarse measurement and control, slgnlflcart results were obtained. 
Hopefully, others will be stimulated to refine and utilize the rationale 
and procedures proved useful In this example of educational research 
concerning architectural space. 

It appear, that t!.e Investigation of large somewhat nebulous, prob- 
lems In the natural sciences often has given rise to more research. 

These subsequent research studies frequently refine the theories origi- 
nally presented..^ Possibly educational research strategies could In- 
clude those proven to be of some worth In other disciplines. What may 
be needed are some bold hypotheses, challenging fundamental beliefs 
held by some educators^ These hypotheses need not be controlled to the 
extent that the population to which they pertain or the conclusions 
reached become Insignificant to practitioners. The research presented 
here attempts to upset the belief that Improvisation and teacher train- 
ing can effectively surmount Impediments of Inappropriate school design 
Until more studies are done, the results of this study assumably per- 
tain to a large geographical region and to all teachers regardless of 

background or motivation. 



^Closely related to the problem of architectural space effects 
were the problems confronting plant ecologists in the late nineteenth 
and early twentieth centuries. The ecologists' search was for factors 
Whirl' governed plant distribution. Theories f^stabllshlng temperature 
or rainfall as the main determinants were constantly challengeu, untl 
today a multiplicity of Intricate relations now forms the content of 
ecology textbooks. The original studies, no matter how oyer-slmpl. - 
fled, were the foothold., needed to launch fruitful Investigations in 

plant ecology. 
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APPENDIX A 

THE INTERVIEW SCHEDULE 

On the following pages of this appendix, a facsimile. of the data 
gathering Instrument appears. Some remarks have been auded to the ba- 
sic form used during Interviews | these remarks pertain only to the cod- 
ing of the Information for data processing. Variables often take sev- 
eral columns of an IBM punch card| Identification of these variables 
was made by consecutively numbering each variable. The variable num- 
ber Is Indicated by the symbol ”X(l,,,n)” on the facsimile where the 
answer to the question would normally be placed. Columns one through 
four contain the Identification number of each teacher. Teachers were 
grouped by school since their first two Identification digits are the 
school's "1,D,#,” (Schools were grouped manually by state before 
punching,) Variable thirty (column fifty-seven, card one) did not have 
a ”0" answer punched) this Information could be obtained by using 
X(19)=3 as a conditional statement. Such an alteration in punching 
allowed coding of anecdotal Information concerning non- laboratory fa- 
cilities when no lab space was used by the teacher. No other changes 
have been made In the facsimile. 

The hypotheses numbers, located In parentheses after the column 
number, are keyed to the hypotheses numbers given In Chapter One. 

These numbers Indicate the hypothesis for which the response was used 
In accordance with suggestions In the thesis proposal , 
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Following the Interview schedule appears a teacher’s guide sheet 
used to aid teachers In understanding my questions for variables 
thirty-six and forty-four. This guide sheet was the only printed mat 
ter shown the teacher during his Interview. 
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School-wide Correspondence Data and Non-spat ial I.V.'s 



Date 



1967 



Mileage 



Tolls 



Lodging 



at the 



Meals f etc • 



i^pointments : 
Superint^dent t 



Principal : 



(dates) 



Science Dept. Chairman: 



T.D.# 



1. SCHOOL'S NAME 



In key punching ^ now enter teacher's 
I.D. number in cc. 3 and 4 

Superintendent ' s information ; 

2. System's true real estate valuation per pupil. . 

(based on A.D.M. ) 



. $ X(l) _.00 

5 6 7 9 



3 . Percentage of graduates going on to accredited colleges 



(If information not available, 
leave blank.) 



TOTAL. 



X(2) % 



2 year college: 



4 year colleges: 



10 11 
X(3) 



12 



13 



X(4) 



14 15 

4. Is it a three year high school? 

Yes No 

4' . Is ninth grade biology offered in jr. high? Yes No 

5 , Abnormal year of construction: 6. Principal's address 



Princ ipal's info rmation : 

7 . High school Mirollment (grades covered: ) 



, X(5j 

16 17 18 19 

8 . If 4' is yes, below are schools and principals to contact: 
Name of school Name of principal 



9 , Size of school-wlthln-school 

key: blank = no such organization 

10. Number of science teachers, grades 10—12.^ 
Library notes: 



not punched 
20 



•H !*• »• 



• I 
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FacllitleB Research Project 



School-wide Data 



and Nonspatlal I.V.'s 



SCHOOL: 



N.H.j 



Mass.; Conn.; N.Y.; 



N.J. 



Science departient chalnwan : 

1. Does the science department hare a definite 
budget for each year? yes no 

2. What have yoir science department expendi- 
tures , or preferably budgets , been for the 
last seven years (or less if your school Is 
not that old)? DO NOT INCLUDE COST CF TEXT- 
BOOKS NOR RENOVATION EXPENSES. Lab biM)k 
purchases may be included If not purchased 
as a package with the text. If a new policy 
has been Instituted regarding your budget 
during the years 1960-1966, AND IF THIS 
POLICY HAS INFLUENCED YOUR PROGRAM, only 
state the budget for the years under this 
new program. (We are Interested In estim- 
ating the cost of various laboratory pro- 
grams In conjunction with certain aspects of 
design. We are essentially asking for the 
cost of equipment and materials.) 



» 60-61 


or 


i960 


•61-62 


or 


1961 


'62-63 


or 


1962 


'63-64 


or 


1963 




or 


1964 


^ 65—66 


or 


1965 


• 66-^7 


or 


1966 


(Use school or cal- 



ender year con- 
sistently. ) 

" X(6) 

* 21 22 23 24 

* Above spaces which 

* are numbered are 
V for key punching 

* average budget . 



3. What Is the mean number of years that you and 
your teachers have been In your science de- 
peirtment? Count the time that other teachers 

may have served before you came to this parti- X ( 7) 

cular school. If the department existed before ten's units 

moving to this school, count time spent In the 23 26 

old school. 

3* . What Is the maximum number of years one could have belonged to the 
department? (Answer only If your department has been created with- 
in the last 7 years . ) 

4. Please estimate the number of periods devoted to lab work per week 
In your science department. State the number In single period 
equivalents^ that Is double periods should be counted as two lab 
periods. If It Is easier to state the total number of labs per 
year, please do so. 

s ingle periods of lab/week year 

5. How many weeks are available In the school year for laboratory 
work? Do not count examination weeks, and combine weeks with fetir 
days to an equivalent of a four or five day week. 
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6o TABULATOR; Cost per lab (Hypothesis 11 )• • • • X(8) 

27 28 29 

7. Length of a single period (In minutes). • • • 

ten ’ s units 
30 31 

8. Is there central storage for chemicals and apparatus? Yes No 
Is such storage departmental? n/a Yes No 

(For example, does biology use chemistry's stockroom for biological 
chemicals?) 
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Teacher 

Date 



Teacher Data Sheet (Non-spatlal I«V#'s) 

School 



Stat e N.H.. MASS., CONN., N.J. 

1« How many years have you been in this systeii? X(10) — 



ten's 

32 



units 

33 



2. Subjects now being taught by you; 

KEY: 

Grade: 

1*9 11 * 3 

2 * 10 12 = 4 



Level : 

High = 1 A.P. = 5 (all high) 

Aveo = 2 (college) second * 6 (all high) 
Low = 3 second •-= 7 (average) 

Nixed * 4 



Subject: 

Earth Science * 1 Chemistry * 5 

General Science = 2 Physics = 6 ' 

Physical Science = 3 Integrated * 7 

Biology = 4 Anat# & Physio# * 8 

List In long hand: (Give relative Importance by number of 

classes or students In parentheses ^ ) 



ESTABLISH WHICH ONE IS BEING USED AS THE RESPONSE SET; 
Subject: 

Grade : 

Level: 

Years experience with subject: . 

ten's units 

37 38 

3# For above course, what Is the 

a* number of single periods per week (2 mods)? 

b. number of double perioas per week (3-4 mods)? 



4, Number of preparations per day 



5# Room number(s) 



(remaxics on back) 



6 • Report request : 



( check ) 



X(ll) 





34 


X(12) 




35 


X(13) 




36 


X(14) 





X(l!>) 

39 

X(l6) 

40 

X(17) 

41 
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FACILITIES HZSEAUCH PROJECT 

Instructions : 

1. When answering, consider the subject stated on the previous page. 
All answers should pertain to this year’s teaching, tut you may 
make connents on other years if you 'wish* 

2o Circle the numerical deslgjiator for the teacher’s choice. 



SPATIAI. FACTOR ASSESSMENT 

Coluimi # (Hypo #) ; 

X(l8) 42(1) Tf students are going from your classroom(s) to the 

library, must they pass through another department or 
do they on.ly go through science department corridors? 
(Corridors having no classrooms adjacent will be 
counted as science department corridors since there 
Is no chance of annoying other teachers.) 



X(19) 43(2) 



X(20) 4 4(3) 



X direct access 

2 must go through another department 



Do you teach Ir. a combination classroom-laboratoi*y or 
lii separate classroom, and laboratory facilities? 
Classrooms with only a demonstration desk do not count 
as class-labs. Coun/cers or desks must have at least 
one service to count as a lab bench* The presence of 
a lab bench defines a laboratory* 



2 

3 

(interviewer: 



separate facilities (classroom can 
have dem* desk ) 

classroom-laboratory 

classroom only, no lab facilities 
although there may be a demonstration 
desk* 

Is demonstration desk the only lab 
bench? ) yes no 



Do you teach a class of more than 50 students at one 
time? Do not include large group instruction sessions 
that are the lecture portion of team teaching* 



What Is 
What is 



1 no 

2 yes, regularly 

3 yes. Infrequently 

your range of class size ? - 

the average size of your discussion class? 



II 



\ 




X(21) 4 5(4) 
4 6 



X(22) 48(5) 



X(23) 49(6) 
(5’) 



X(24) 5 0(7) 



X(25) 3 1 
52 



X(26) 5 3(9) 



When you hare a laboratory, what average nuMber of 
students do you have In your roou? 



lCX)'s 10* s units 

45 46 47 

Does your ochool have an outdoor area or facilities 
for field work In science? 

1 yes 

2 no 

3 only room for large experiments or 
meteorological equipment-area may 
be athletic field or paved. 

Type of area: (e.g. habitat) 

Answer only If answer to above was **yes” (l). 

If you have an outdoor instructional area, is it 
developed beyond the provision for patlis and walking 
surfaces In wet areas? (If trees are labeled, speci- 
mens are planted, the ground landscaped, etc., then 
the area Is termed ’’developed, ** ) 

0 teacher says, ”ask the biology teachers” 

(enter 1 or 2 also) 

1 developed 

2 undeveloped 

3 both (to be punched as 2) 

Is space provided for maintaining experimental set- 
ups resulting from Individual study? Enter yegf If 
some individual work has been done and there seems to 
be no overload on even small facilities, 

1 yes 

2 no 

How many students can carry on such projects inside 
the school at any one time - use space connected witli 
your class area for the answer. Would this answer x 
conflict with another teacher's use of the area? Y N 
(Departmental facilities are to be included if the 
teacher feels free to use such facilities.) 

Is your classroom equipped for subdued light during 
the showing of films? Can you show a color film well? 
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X(27) 5 4(10) 

X(28) 55(11) 
(17) 

X(29) 5 6 
X(30) 5 7(14) 



1 yeSf room can be darkened 

2 yea, but poor conditlona - many 
light leaks 

3 no, room cannot be darkened 

Class room- lab ? I s this true of the laboratory 

In separate facility spaces? Y F 
N: 1 2 3 



Does your school have facilities for allowing closed 
circuit T.V., T.V. broadcast receiving only, or no 
television? 

1 closed circuit T.V. (not a mlcropro- 
jector) (possibly broadcast too) 

2 broadcast only 

3 no television 



Is common apparatus or are chemicals used by more • 
than one subject stored centrally In one or two 
storage rooms? 



1 yes 2 no 
Are supplies stored centrally 



3 n/a, too few rooms 



for each subject? 



1 yes 2 no 



Do you have a lab facility? (If no, answer 0. Punch 
operator Ignores zero answer and enters answer for 
non-lab space. Use X(19)*^3 condition term for 
hypothasis fourteen. 

Is the lab facility In which you hold your lab exer- 
cises FOR YOUR CLASSES' USE ALONE? 

1 yes (Homeroom may meet there under 
other teacher^) 

2 ys® t but I teach antagonistic subjects 
there 

3 no, but It Is oversized to permit each 
teacher to have his own area 

4 no 

If the answer is 4, are the other classes science 
classes? yes no 

Is this a classroom-lab arout which you speak? Y N 
If you teach in separate facilities, do you have your 
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own classroom with free periods In It and no other 
classes using It? 

yes no 



X(31) 58(18) 
( 18 *) 



X(32) 5 9 



Do at least some students have after-hour access to 
lab facilities yihen teachers may not be around, e«g« 
evenings, school year vacations (not necessarily 
also summer), and weekends? 



1 

2 



yes 

no 




Do you have a late bus? 1 yes 2 no When? 
Te what time can students stay after school? 



X(33) 6 0(19) Do you have self-access to lab and science department 
(19') office facilities on weekends, evenings and school 
year vacations (what happens In summer Is of no 

concern)? , 

1 yes 

2 no, but I can piake arrangements for the 
Janitor to let me In except on Sundays 
and legal holidays. 

3 no 



X(34) 6 1 



X(33) 6 2 



Can you have access during the summer vacation period, 
or at least two weeks before the start of the school 
year? 



1 yes 



no 



Do you only hold laboratory during double periods? 

1 no or I have only single periods 

2 yes 



X(36) 6 3(20) Do you use any organisms at all In your class work? 

If no, answer 4 and ask no more. 



DO NOT COUNT 
PRESERVED 
SPECIMENS FOR 
TABULATED ANS. 



IF preserved 
specimens were 
Inc luded . 



Indicate the organism you use most in your laboratory 

* 1 microorganisms, Including algae and 

microscopic Invertebrates 

2 plants, non-mlcroscopic 

3 animals, non-mlcroscopic 

4 no organisms are used at all 

0 use all with equal frequency (only use 
this choice after considerable probing) 
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r'" 

If probing needed « ask what organism they would like 
to use if they had only one type to choose? 

Parts of organisms counts Indicate special sources 
I such as farms, slaughter houses, etc. 

[ 

i X(37) 6 4(13) BIOLOGY AND EARTH SCIENCE ONLY 

If 

I Do you have a movable, coiamerclal growth chamber for 

I growing plants under fluorescent light? 

I 1 



X(38) 6 5(12) BIOLOGY AND EARTH SCIENCE ONLY 

Is there a greenhouse in your department? 

1 yes 

2 no 

X(39) 6 6(15) BIOLOGY AND EARTH SCIENCE ONLY 

Do you have at least one sink in your laboratory 
room? If not, answer 1 and ask no more. 

If you do, is the sink which is biggest of all in 
the room 

2 less than 9 inches on one side? 

3 medium in size? 

4 larger than l8 inches on one side 
and roughly square? 

5 about 2 feet by 3 feet? 

Take measurements if possible: 

nooM # 

X(40) 6 7(8) ONLY NINTH GRADE BIOLOGY 

Do you teach ninth grade biology in a 

1 junior high school? 

2 four year or six year high school? 

X(4l) 6 8(16) PHYSICS, PHYSICAL AND GENERAL SCIENCE ONLY (chemistry 

if teacher 
brings up sub- 
ject) 

f 



yes 3 

yes, and also a 
bank of fluorescent 
lights in an in- 
terior room 4 



no, but we have 
a homemade appar- 
atus to replace 
sunlit vivarium. 

no 
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Can ycm darken your laboratory area (or ciaaaroo* 
if no laboratory) oufflclently for experinento 
with light? 

1 yea 

2 a room la generally available 

3 no 

Thank you for anawerlng theae queatlons on your fad lit lea* Theae 
repliea have pertedned to: 

aubject: room: 

Are rooms with other facllltlea available for your uae without *ich 
prior arrangement? Y N la your school, or at least science 
department generally filled to capacity? Y N 



1 8 0 Card number 

INSTRUCTIONAL METHOD ASSESSMENT 

Tabulation on second cai-d* Space left for 45 non-spatlal I.Y.*s 

Coluim # 

(hypo #) 

X(42) 46(1) Do you give spt^ciflc Instruction In library usage 
and/or often give class time to students for visit- 
ing the library? 

1 yes 

2 no 

(48»-l-.5) Answer the first four questions and then summarize 

your predominant type of teaching activity in the 
fifth question* 

(Interviewer: Place the teacher’s modal activity in 

the proper category for the fifth question • The fifth 
quep+1^ is the only one used for analysis. If the 
an» > to the first four questions do not clearly 
indicate the 'appropriate category, then probe more 
deeply with specific sltuatlonn regarding questions 
48-2 and 48-3* Have the teacher make a forced deci- 
sion In the fifth question if he cannot decide*) 



X(43) 4? Do you give students laboratory activities actual 
~ 7“ materials about one single period (double mod) per 

week or one double period per two weeks OR MORE and/or 
do you have a BSCS Lab Block or similar solid block of 
laboratory work for at least 10 days during the year? 
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( 48 - 2 ) 



( 48 - 3 ) 



( 48 - 4 ) 



1 yes 

2 no 

Ccaments (if any) on type of lab block: 

Do you usually talk about concepts before students 
are Introduced to Illustrative phenomena In the lab- 
oratory? Do you give the students an Idea of what 
to expect In their laboratory exercise or experiment, 
other than warning them about hazardous operations or 
cautioning then about certain observations? Disre- 
gard how some fast or slow students might counteract 
your tactics. IF PHYSICS IS TAUGHT BY MATHEMATICAL 
DEDUCTION, answer "no” or 1. 

1 no 

2 yes 

0 n/a There Is no correlation 
between lab and lecture. 



Do you usually wait until after the laboratory to 
state a generalization or mathematical fonmila re- 
flecting the phenomenon studied In the laboratory? 
Hints given to prevent demoralization are allowed 
under a "yes," 

1 yes 

2 no 



If you find the class behind schedule, do you usually 
quicken the pace to cover material (especially at the 
An d of a semester or year) OR do you usually eliminate 
some topics that would have been covered under other 
circumstances? 



1 eliminate topics (Even If those 
eliminated were covered in an 
earlier year, this answer Is still 
appropriate) 

2 quicken the pace, possibly eliminating 
some lengthy labs. (Lecture style Is 
adopted moref after-school labs may 
take place of regular labs on option- 
al basis) 



Interviewer: Sum the 1 responses and 2 responses 



2 R= 



o 
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X(44) 48(2) 
(8) 

(48-5) 



X(45) 4 9(3) 



With which fltatenent do you agr^e? 

!• In nummary, my class usually centers around a "wet" 
laboratory in idiich students practice being scien- 
tists or are at least trying to experience actlvl* 
ties of scientists. They are Involved In Inquiry 
or enquiry. (This statement should agree with the 
"1" answers for 48-1 | 48-2| 48-3 | 48-4) 

2. My class usually centers around basic scientific 
concepts which the laboratory will reinforce in 
understaxAding and memory. I have a definite list 
of topics that I value as ii^ortant (or practical) 
information to be learned by the student. (This 
statement should agree with "2" answers in the 48 
series). 

3. After considerable probing, it was lnq>ossible to 
get teacher to make a choice. The course may be 
split at raid-year to reverse the philosophy of the 
course. A sraall nuraber of liiq)ortant topics can be 
approached Inductively with slow students, essen- 
tially eliminating any conflict for time between 
the product-inquiry approaches* 

For this question, ansvrer only in regard to your 
classes having over 50 students when you have any such 
cleuBses. Those teachers never having any classes over 
50 students will also answer this question. 

Does another teacher meet with you and your class for 
most days and/or always during a lab, DO NOT COUNT 
OBSERVERS, 

1 no (I have a solitary assignment.) 

2 yes 

(Interviewer: Just during class ? J ust during 

lab? Both? 



X(46) 50(4) During laboratory, do you mostly use the class as a 

research team, each subdivision of vhe class investi- 
gating an aspect of the problem or contributing data 
for the final write-up to be done by each student or 
group? 

1 yes (team research) 

2 no (solitary unit research) 

50’(4) verifying question 

Do you mostly leave the accomplishment of a lab exer- 
cise to each individual student or autonomous team? 
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1 no 



2 yes 



(Interrlever: If the niuneral of this question does not natch with the 

last question’s answer^ there Is Inconsistency. Probe for nlsunder- 
standing.) 



X(47) 51(5) 

(7) 

52 



^3 



What percentage of your students are doing individual 
lab projects at sone tine during the year? (Give the 
cumulative percentage for the entire school year.) 

This nay lnclv.de home projects known to* teacher. 



lOO's ten's units 

51 52 53 

X(48) 54(6) Do you ever use outdoor facilities for genuine pro- 
blem-solving (Inquiry) studies where students cannot 
find an answer to their specific problem without work- 
ing In the field OR do you always use outdoor facili- 
ties for natu^.’e study Identification trips and for 
verifying phenomena discussed In class? 

1 problent-solvlng Inquiry 3 not used at all 

2 verifying nature study 4 not used and not rele- 

vant In opinion of the 
teacher. 



X(49) 55(9) How many films do you show per year? (if several 

56 small films are shown In the same period, count as one 

57 film.) Count films shown In the classrotMi and in the 
lab. Slides and film strips do not count. 



100 's ten's units , 

55 56 57 

•( 

X(50) 5 8(10) For this current year, on the average how often did 

you use television in your class during a ten week 
period? Study hall use also counts, (if over nine, 
enter exact number In margin and enter nine as the 
answer. 






Only two teachers Indicated nine or more as an answer. This li- 
mitation of nine as a maxi nun was necessary because of a typographical 
error In colusn numbers. 
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X(51) 5 9(13) 
( 20 ) 



(interviewer: 

Do you have a 

X(32) 60(l4) 
( 20 ) 



X(53) 6 1(17) 



o 
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Do you or your students usually conduct the laboratory 
phase of your course by giving quantitative demonstra- 
tions Instead of^ or In addition to, having all stu- 
dents do their own woiic during lab? For Instance, 
Schwab's Invitations to Inquiry, TOPS or other simu- 
lated lab work can serve as a contact with experimen- 
tation for the student. Talking about the rationale 
of historical experiments also counts as a "dry lab'^ 
or the type of exercises described above. 

1 yes, usual contact with experimental 
method Is by "dry labs" 

2 no, usually all students do exercises 
or experiments In a "wet lab" 



3 ntf students have no lab 

4 time spent In quantitative demon- 
strations and In lab Is equal. 

Interviewer: In case of difference between levels. 

Indicate —— — 



Level Answer 



Answer above question In respect to plants IF YOU ARE A 
BIOLOGY TEACHER. 1234 

growth chaodser? Manufactured Homemade None) 

In your class and lab^ Is your approach usually to 
tell a general principle or formula and then to give 
proof that the principle la true? 

1 No, students are usually asked to come 
up with the general principle by In- 
ference from examples, laboratory work, 
or simulated lab. 

2 Yes, I use the laL> and examples to ver- 
ify what the students learn. The lab 
may be hard to fake, but the general 
principle Is known. 

Do most of your students have at least one real un- 
directed laboratory experience per year? If the stu- 
dent follows Instructions from a lab manual or pro- 
ject book, do not count such a lab as undirected. 
Following Instructions for part of the experiment Is 
acceptable only If they are technical preparatory 
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N 



(interviewer: 



inetructlons • 

1 yes 

2 no 

If the above answer was "1" or yea, find out if noat 
of the claaa haa at leaat one undirected inquiry lab~ 
oratory experience per year? Y N } 



X(^ 4 ) 6 2(18) Do you apend at leaat one~half of the atudent'a time 

(19) preparing for, doing, or aunnarizing laba which en- 

tail working with actual lateriala and phenomena? 

For a claaa ^ich meeta three timea per we^, at leaat 
one lab imiat be held per we^ in order to qualify 
for ”1.*’ 

1 yea 

2 no 



{ 



If the above anawer is no, then the next question must be "no," # 4 . 



X( 55 ) 6 3(18*) Is most of the above effort connected with verifying 
(19*) at least several of the laws, relationships, or form- 
ulae previously discussed in class? 

(REVERSE ORDER PROM TRIAL) 

1 yes 

2 no 

3 lab is not correlated 

4 not applicable "no" 



X( 56 ) 6 4 ( 13 ) 
(>5 



( 12 ) 

X(57) 66(12) 



EARTH SCIENCE AND BIOLOGY TEACHERS ONLY 
How many single lab periods (or equivalent) do you 
hold on the average per four week Interval? COUNT 
ONLY WET LABS, where all students woiic with the ma- 
terials of your science. Give number of periods per 
class . 

10 's units 

64 63 

Do you use living organisms? If no, do not proceed 
to this Q. 

Is there a greenhouse available? Y N 
Do you use plants for experimental purposes? 

1 yes (controlled) 

2 no (demonstration) 





N 
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3 no, not used 

Is your usual Utie of plants experimental? Y N 
Are you using the greenhouse now? Y N 
Interviewer: greenhouse survey 

PRESENTLY; WHEN TEACHER USES IT; 

a. experiment 
going on 

b« used for supply 

« 

c« supplying plants 
for experiments 
done elsewhere 



X(58) 6 7(16) PHYSICS AND PHYSICAL SCIENCE (GEN. SCI.) ONLY 



Do you feel limited in the number and type of optical 
experiments you can perform under existing conditions? 

1 yes 

2 no 

68, 69 t 70, 71* Enter num?ier of labs per year In school's science dept. 

Classes; 

A 
B 
C 
D 
E 



68 



69 



x(52l 



70 



units 

71 



Labs/week y year for teacher — ALL SUBJECTS INCLUDED 



2 80 Card Number 



0 



Facilities Research Project— FRP 
TEACHER'S GUIDE SHEET FOR QUESTIONS 63 and 2-48 

63. Wl*en first answering, do not Include preserved specimens. 

Then give the answer If these specimens were Included. 

Indicate the organisms you use most In your laboratory work: 

1 microorganisms, Including algae and microscopic Inverte- 
brates 

2 plants, non-mlcroscoplc 

3 animals , non-mlcroscoplc 

4 no organisms arc used at all 

^1 

2-48 With which statement do you agree? 

Statement 1: In summary, my class usually centers around 

"wet" laboratory In which students practice 
being scientists or are at least trying to 
experience activities of scientists. They are 
Involved In Inquiry or enquiry. 

Statement 2: My class usually centers around basic scienti- 

fic concepts which the laboratory will rein- 
force In understanding and jcemory. I have a 
list of topics that I value as Important (or 
practical) Information to be learned by the 
student . 



^Many teachers said that they did not agree with what they were 
doing In principle, but they did feel one of these statements did 
typify their class. 



APPENDIX B 



VARIABLE LIST AND DEFINITION? 



This appendix presents a list of non-spetla i 1, and methr-d- 
ological variables keyed to the X(l*<«n) data fields yiven In Appendix A* 



No n-spatial Independent Variables 
Years subject experience, X(l4) ; 

VAR(l) = X(l4) 

VAR(2) = redefined X(x ) = (l = First/ 2,3 New/ 4-5 = Young Tenure/ 
6-9 = II-Tenure/ 10-13 = Ill-Tenure/ 14-21 - IV-Tenure/ 
others = V-Ten.ure) 



Average depart iner.tai budget (in tens of dollars), X(6)! 

VAR(3) = X(6) 

VAR(4) = redefined X(6) = (0-2,990 = 1/ 3tOOO-5,990 - II/ 6,000-9,990 - 
III/ 10,000-15,750 = IV/ 15,760-21,500 = V) 

VAR(5) - redefined X(6) = (0-4,540 = Low/ 4,550-21,500 = High) 

C''st per laboratory^, X(8) 

Budget per pupil, X(6) / X(5)j 
VAR(9) - X(6) / X(5) 

ViVR(l2B) = redefined VAR(9) = (Under 0.376 = Low/ Others = High) 



^ VAR (6, 7, 8) are listed at the end of the dependent variable 
section. Infra p, 203 . 



Percentage going to collegey X(2)t 
VAR(IO) = X(2) 

VAR(il) >5 redefined X(2) * (1-42% *= Low/ 43-76% « Average/ 77-lW% * 
High) 

VAR(12) * redefined X(2) * (l-59% = Lower/ 60-100% * Higher) 

Percentage going to junior college only, X(3); 

VAR(13) - X(3) 

VAR(l4) »s redefined X(3) * (1-10 *= liO't^sr/ 11-16 * Average/ 17*“44 * 
High) 

VAR(15) = redefined X(3) ^ (1-13 Lower/ 14-99 * Higher) 

School enrol Inait, X(5): 

VARU6) = X(5) 

VAR(17) = ;*edefined. X(»5) = (226-750 = 1/ 751-1000 = II/ 1001-1250 = 
III/ 1251'*1500 = IV/ 1501-2250 = V/ 2251-3000 = VI) 

VAH(18) = redefined X(5) == (O -750 = 1/ 751-1500 = II/ I 50 I -2250 = 
ill/ 2251-3000 ST IV) 

VAR(19) = redefined X(5) = (O -750 = 1/ 75 I- 30 OO = II) 

VAR(20) =. redefined X(5) = (0-1435 = Lower/ 1436 - 3 OOO = Higher) 

Mean years in science i?epartment, X(7): 

VAR(21) « X( 7 ) 

VAR(22) = redefined X(7) * (0-4 = Young average/ 5-8 = Old average/ 
9-17 Old) 

VAR(l27) = redefined X(7) = (1-4 = Young average/ 5-7 * Old average/ 
8-17 = Old departnent) 

Single period length in ninutes, X(9): 

VAR(23) = X(9) 
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VAR(24) « redefined X(9) = (20-39 = Short/ 40-49 = Short Average/ 
50-59 = Long average/ 60 = Long) 

VAR(25) = redefined X(9) = (20-49 » Shorter/ 50-60 = Longer) 

VAR(26) = redefined X(9) = (20-46 = Shorter/ 47-60 = Longer) 



Double periods per week^ X(l6): 

VAR(27) = X(16) 

VAR(28) = redefines* X(l6) = (O = None/ 1 = One/ 2 *= Two/ 3 = ihree/ 

4-5 = Four or Five) 

VAR(29) = redefined X(l6) = (O = None/ 1 = One/ 2 = Two/ 3-5 = Over two) 



Single periods per we^, X(15)*' 

VAR(30) = X(15) 

VAR(31) = redefined X(l5) = (O-l = Few/ 2-3 = Moderate/ 4-5 * Modal/ 
6-7 = Heavy) 



Double period time, X(l6) x 2 x X(9)^ 

VAR(32) = X(l6) X 2 X X(9) 

VAR(33) = redefined VAR(32) = (O * None/ 40-60 = 1/ 61-120 - II/ 
121-240 » III/ 241-400 = IV/ 401-600 = V) 

VAR(130) = redefined VAR(32) = (O = None/ 40-120 = 40-120/ 121-240 = 
121-240/ 241-600 = 241-600) 

VAR(13l) = redefined VAR(32) = (O = None/ 40-l80 = 40-l80/ I8I-6OO = 
Over 3 hours) 

We^ly student time, (X(l6) x 2 x X(9)) (X(15) 3c X(9))s 

VAR(34) = (X(16) X 2 X X(9)) + (X(15) x X(9)) 

VAR(35) = redefined VAR(34) = (6I-18O = 1/ l8l-240 = II/ 241-300 = 
III/ 301-360 = IV/ 361-540 = V) 
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Preparations per day, X(l7)j 
VAR(36) * X(17) 

YAR(37) * redefined X(l7) = (l * 1/ 2 « 2/ 3 * 3/ 4-5 = High) 

VAR(38) = redefined X(l7) = (l « One/ 2 - Two/ 3-5 = Heavy) 

VAR(39) = redefined X(17) = (l * Only one/ 2-5 * Over one) 

Level of course, X(l3): 

VAR(135) = X(13) ss (l = High first course/ 2 « Average first course/ 

3 = i<oiw first course/ 4 * Mixed first course/ 5 * Advanced 
Placeaent/ 6 = High second course/ 7 = Average second course) 

First course level, X(l3)j 

VAR(40) redefined X(13) = (1 = High/ 2 = Average/ 3 * Low) 

Second course level, X(13): 

VAR(41) = redeflited X(l3) = (5 = A.P./ 6 = 2nd High/ 7 = 2nd Ave.) 
Grade, X(12): 

VAR(42) = X(12) = (1,9 = FROSH/ 2 = SOPH/ 3 = JUNIOR/ 4 = SENIOR)® 



Course sub j ect , X( 1 1 ) : 

f 

VAR(43) = X(ll) = (1 * Earth Science/ 2 = General Science/3 = Physical 

Science/ 4 « Biology/ 5 = Chemistry/ 6 = Physics/ 7 = In- • { 

tegrated/ 8 = Anato iny and Physiol ogy-Human) 



Number of single periods when no douDle periods, X(15) modified 
VAR(44) = X(15) IF X(l6) EQUALS 0 




®The classification of one response as nine showed in the fre- 
quency analysis. This Is presumably a coding error. 
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VAR(45) = redefined VAR(44) = (4 * Four/ 5 = Five/ 6 = Six/ 7 * Seven) 
(others disregarded) 

Any other non*»spatlal Information collected was not used tov 

\ 

analysis In this thesis but was saved for future Project work. 

Spatial Independent Variables 
Direct access to library^ X(l8): 

YAR(46) = X(18) = (1 Direct/ 2 * Indirect) 

Classroom laboratory arrangement) X(l9): 

VAR(47) = X(19) = (l = Separate/ 2 = Classreomrlaboratoiy) 

Class size more than 30 students f X(20); 

Infrequently Icurge: 

VAR(48) = redefined X(20) = (l = No/ 2,3 *= Yes) 

Usually Icurge: 

VAR(49) = redefined X(20) = (1,3 =* No/ 2 = Yea) 

Average number of students In laboratory, X(2l): 

VAR(50) = X(21) ^ 

VAR(51) = redefined X(2l) = (O-IO = 0-10/ 11-20 = 11-20/ 21-24 = 21-24/ n 
OVER 24 = Over 24) 

i 

VAR(52) = redefined X(2l) = (0-24 = 0-24/ OVER 24 = Over 24) 

Availability of an outdoor area, X(22): 

VAR(53) = X(22) = (1 = Yes/ 2 = No) 

Type of outdoor area available, X(23)! 

r- 

L 

o 

ERIC 
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VAR(54) = redefined X(23) *= (1 = Developed/ 2,3 * Undeveloped) 

Individual laboratory space available, X(24): 

VAR(55) = X(24) = (1 = Available/ 2 = Not available) 

Anecdotal record: 

VAR(56) = X(25) = NuBber accommodated In Individual laboratory space* 



Room darkenable for color fllBS, X(26): 

VAR(57) = X(26) = (1 « Yes/ 2 = Poorly/ 3 ^ No) 

VAR(140) = redefined X(26) = (1 = Yes, excellent/ 3 = No) 

Type of television, If any, available, X(27)s 

VAR(58) = redefined X(27) = (1 = Closed circuit/ 2 = Broadcast re- 



Central storage of supplies, X(28): 

VAR(59) = X(28) = (1 = Yes/ 2 = No) 

Anecdotal record : 

VAR(6o) ~ X(29) = Subject area storage (1 = Yes/ 2 = No) 

Teacher has own room, X(30): 

VAR(6l) - redefined X(30) = (1,2 = Yes/ 3,4 = No) 

Teacher has own laboratory, X(30): 

VAR(62) = VAR(61) IF X(19) LESS THAN 3 = (1,2 = Yes/ 3,4 = No) 
Anecdotal record: 

VAR(63) = VAR(61) IF X(19) EQUALS 2 = Teacher has own classroom-lab 




celvlng only) 



(1,2 = Yes/ 3,4 = No) 
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Students' after hour access | X(3l): 

VAR(64) » X(31) = (1 = Yes/ 2 * No) 

Anecdotal record: 

VAR(63) « X(32) = Late bus available ^ (l = Yes/ 2 = No) 



Teachers have after hour access y X(33): 

VAR(66) = redefined X(33) ® (1 * Yes, on own^ 3 = No) 

VAR(67) * X(33) = (l = Yes, on own/ 2 = Must be let In- Inconvenient/ 
3 = No) 

Anecdotal record: 

VAR(68) s X(34) - Teacher can get In during suimer vacatlcm at least 
two weeks before school formally opens s (1 s Yes/ 2 « No) 



Laboratory held only during < suble periods, X(35): 

VAR(69) « X(35) = (1 =s No, lab Is held during singles/ 2 = Yes, only 
during doubles) 

VAR(70) = redefined X(35) = For those who have double lab periods, 
do they use only the double period? (1 = No/ 2 = Yes) 

= X(35) IF X(16) GREATER THAN 0 



Predominant living organism used In lab, X(36): 

VAR(71) = X(36) = (l = Microorganisms/ 2 = Plants/ 3 = Animals/ 4 = No 
living organisms, except students) See actual question 
for better definitions. 



Commercial growth chamber available, X(37): 

VAR(72) = redefined X(37) * (l = Yes/ 4 = No) 

VAR(73) = redefined X(37) = (1,2 = Yes/ 3,4 = No) 

VAR(74) = redefined X(37) = 1,2,3 = Yes/ 4 i No) 

See actual questions to see difference in situations 1,2,3, 
and 4. 
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Greenhouse available for usof X(3B): 

VAR(75) * X(38) = U s Yes/ 2 = No) 

Size of sink In blolony or earth science rooms, X(39): 

VAR(76) = X(39) = (1 = None/ 2 = Small/ 3 * Medlunv/ 4 * Large/ 

3 - Extra large), see question for measurements and the 
analysis section for slight revisions In category definitions. 

VAR(138) = X(39) = (2 = Small/ 3 = Medluju/ 4 = Large/ 5 == Extra Large) 

Type of school In which biology Is taught, X (40): 

VAR(T7) = X(4o) = (l = Junior high school/ 2 = Four or six year 
high school ) 

Room can be darkened sufficiently for experiments with light, X(4l): 
VAR(T8) = X(4l) = (1 = Yes/ 2 = another room Is available/ 3 = No) 
VAR(139) = redefined X(4l) = (l = Yes/ 3 = No) 

Methodological Dependent Variables 
Library Instruction Is given, X(42); 

VAR(79) = X(42) = (1 = Yes/ 2 = No) 

At least one period of wet lab per week, X(43): 

VAR(80) = X(43) = (1 = Yes/ 2 = No) 

Course Is generally Inqulry-wet or verlfylng-wet or -dry, X(44): 

For all teachers: 

VAR(8l) = redefined X(44) = ( 1 = Inquiry wet/ 2 = Verifying) 

For teachers averaging at least one lab per week: 

VAR(119) = VAR(8l) IF X(43) EQUALS 1 




Another teacher usually neets with class at saae tl«e X(45)? 

VAR(82) = X(45) « (1 s No, solitary/ 2 «= Yes, cooperative) 

Tean research organisation In class — nodal, X(46 )j 
VAR( 83) = X(46) = (1 = Teaav' 2 •= Solitary) 

Percent of Individual projects, cumulative for year, X(47'): 

VAR(84) = x(4y) 

VAR(85) * redefined X(4y) = (O = None/ 1 = 1%/ 2-9 = Few/ 10-20 « Ten- 
Twenty/ 21-90 = Heavy/ 91-100 = Coa^ulsory) 

VAR(86) == redefined X(4?) (0 = None/ 1-3 = Few, If any/ 4-20 « 4-20/ 

21-90 = 21 - 90 / 91-100 * 91-100) 

VAR(87) - redefined X(4?) = (O = None/ 1-3 = Few, If any/ 4-90 = Several/ 
91-100 = Conqmlsory) 

VAR(88) * redefined X(4y) = (O = None/ 1-100 = Some) 

VAR(89) = redefined X(4?) = (O = None/ 1-99 = Some) 

VAR(126) = redefined X(4y) = (O = None/ 1-5 = 1-5/ 6-10 = 6-10/ 

11-30 = 11-30/ 31-59 = 31 - 59 / 60-90 = 6 o- 90 / 91-100 = 

91-100) 

VAR(132) = redefined X(4?) = (C-20 = Lower/ 21-100 = Higher) 

VAR(133) = redefined X(4?) = (0-3 = Few, If any/ 4-90 = Some— high) 

VAR(134) = redefined X(47) = (0-3 = Few, If any/ 4-90 = Some/ 

91-100 = Compulsory) 

Outdoor facilities used for Inquiry, X(48): 

VAR(90) = redefined X(48) = ( 1 = Yes/ 2,3 = No) 

VAR(91) = redefined X(48) = (1 = Inquiry/ 2 = Verifying) 

Outdoor use, X(48) modified: 

VAR(92) = redefined X(48) = (1,2 = Used/ 3 = Not used/ 4 = Not relevant) 
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* 

VAR(93) = redefined X(4/3) - (1»2 = Used/ 3 * Not used) 

Films shown per year, Xik9)i 
VAR(94) e X(49) (normally distributed) 

VAR(95) s redefined X(49) = (o = None/ 1-5 * 1-5/ 6-10 = 6-10/ 

11-20 = 11-20/ 21-30 = 21-30/ OVEF: 30 = Over 30) 

VAR(96) = redefined X(49) * (O = None/ 1-10 = 1-10/ 11-38* * 11-38/ 

OVER 38 = 38+) 

VAR(136) = redefined X(49) = (0-15 Below mean/ OVER 15 = Above mean) 

VAR(137) = redefined X(49) = (0-12 = Below median/ OVER 12 = Above median) 

Televlalon use per class In 10 weeks^ X(50)s 
VAR(97) = X(50) 

VAR(98) = redefined X(50) = (O = Not at all/ 1 = Once or so/ 2-9 = 

Some — w much) 

VAR(99) = redefined X(50) = (0,1 = None — once/ 2-3 = Few/ 4-9 = 

Regularly) 

VAR(IOO) = redefined X(50) = (O^l = None - once/ 2-9 = Few — much) 

Dry versus wet lab as modal lab, X(5l)j 

VAR(lOl) = redefined X(5l) = (l = Demonstration ~ dry/ 2 = Wet lab) 

VAR(102) = redefined X(5l) = (l = Demonstration — dry/ 2 = Wet lab/ , 

3 = No lab) 

General approach to class, Inductive - Deductive, X(52)j 
VAR(103) = X(52) = (l = Inductive/ 2 = Deductive, verifying) 

At least one undirected lab per year for most students, X(53)* 

VAR(104) = X(53) - (1 = At least one/ 2 = None) 
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I One-half of students* tine centered around laboratory, X(34): 

: VAR(105) = X(54) = (1 = Yes/ 2 = No) 

If lab centered, then Inquiry or verifying? X(33): 

VAR(106) = redefined X(55) = (1 = Verifying/ 2 « Inquiry) 

VAR(107) = redefined X(55) = (1 = Verifying/ 2 = Inquiry/. 3 = Lab not 

related to class discussion) 

Average nuraber of lab periods per four wedcs 
in biology and earth science, X(56): 

VAR(108) =. X(56) 

VAR(109) = redefined X(36) = (1-2 = Few/ 3”4 = Regular/ 5”10 = High/ 

OVER 10 = Heavy) 

VAR(129) = redefined X(56) = (UNDER 9 = LON/ 9-24 = HIPH) 

Use of Living Plants, X(57): 

VAR(112) X(57)^ 

VAR(llO) = redefined X(57) *= (1 = Experimental/ 2,3 = Not so) 

VAR(lll) = redefined X(57) - (1 = Experimental/ 3 = Not used) 

VAR(113) = redefined X(57) - (1 = Experimental/ 2 = Anatomical/ 

3 = Not used) 

Limited In doing experiments with light, X(38): 

All relevant courses, Including chemistry: 

VAR(115) = X(58) = (1 = Limited/ 2 = Not limited) 

Si 

This nominal scale Is meaningless without labels | It was Included 
here to fill the array statement for the computer. Number VAR(112) 
had been skipped during the writing of variable definitions. 
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Just physics t 

VAR(114; X(58) IF X(ll) EQUALS 6 « (l » LiHltad/ 2 « Not limited) 

Number of lab periods in department per year^ X(59)' 

(N s 39 1 since this is departmental) 

VAR(116) s X(59) 

VAR(117) « redefined X(59) = (1-2400 * Lower/ OVER 2400* Richer) 

VAR(118) * X(39)/ 100 * Labs per year in nearest 100. 

(Expressed as an integers) 

Cost per laboratory, X(8); 

VAR(6) = X(8) 

VAR(7) = redefined X(8) * (50-125 = 1/ 126-175 * II/ 176-225 = HI/ 
226-275 = IV/ 276-999 = V) 

VAR(8) = redefined X(8) * (50-205 = Low/ OVER 205 * High) 
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APPENDIX C 



KINDS 01!* letters SENT TO 
ARRANGE INTERVIEWS 



The letters Included in this appendix represoit the general type 
of letters sent to the superintendents, principals, and departaent 
chairmen. Letters varied In the details of arrangements, for instance: 

1) to whom the investigator had previously written, 

2) date of interview, 

3) number of days for Interview, 

4) type of teachers to be Interviewed, 
and 5) arrival and departure times-. 

Five usual kinds of letters were sent during the interview phase. 
They were 

1) the first request of the superintendent, 

2) an April 28ii! reminder letter to eight superintendents not 



3) the principal’s request y 

4) the letter of arrangements to the department chairman^ 

and 3 ) a thank you note to the department chairman and also the prln- 



The first four types of letters are exemplified by the letters placed 



answering the first letter. 




clpal If the latter met the Investigator. 
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In this appendix 



a. imu-smniHJiiiii ijiMtii i i mu. i 



Firgt Superintendent’s Letter 



February 19^7 



Mr. John Doe 

Superintendent of Schools 

46 Main Street 

Good Townf State 00000 

Dear Mr. Doe: 

The Harvard Graduate School of Education, with the cooperation of 
an educational consulting firm md several state coMnlssloners of edu- 
cation, has begun a study concerning the Influence of school design on 
science Instruction. The Good Town Senior High School has been nomin- 
ated to be Included In this study. We would appreciate your permission 
to conduct a survey of science facilities and teaching methods In this 
school. Through visiting schools such as yours, it Is hoped that some 
Information can be gained which will aid future school designers In 
planning more functional and economical facilities for grades nine 
through twelve. 

The survey will be conducted by Mr. David Engelhard!, who will 
hold an approximately thirty minute Individual Interview with each 
science teacher and observe certain aspects of the science facilities. 
It Is anticipated that all high school science teachers and ninth 
grade biology teachers will be Interviewed in one day. In case of 
three year high schools, the junior highs or middle schools will have 
their ninth grade biology teacher and facilities visited, in addition 
to the normal visitation connected with the high school. 

In your letter granting permission, would you please Include the 
answers to the following questions: 

1) What Is your system's true real estate valuation per pupil? 

2) What percentage of this high school's graduates go on to 
accredited junior or four year colleges? If possible, please 
separately state the percentage going to each type of Insti- 
tution. 

3) Is the school a three year high school? If so. Is ninth 
grade biology offered In any of the junior high schools which 
feed this high school? 

4) Is Mr. Slmsn still the principal of the high school? Please 
supply ^he school's address with zip code so that we may 
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Mr. John Doe February I967 

quickly contact the principal for permission to visit. 

It Is understood that Good Town Senior High School has been built 
since i960 (January 1 , i960 earliest occupancy date) or that Its science 
facilities have been substantially remodeled since that date. If this 
Is not the caset please mention the date of construction or remodeling. 

Thank you very much for your cooperation. Your pronq>t consldera- 
tl<m of this letter would be roost beneficial to us in setting up a 
visitation schedule through the principal and department chairman. 

Yofur reply should be sent to: 

Mr. David F. ^igelhardt 
Facilities Research Project 
323 Longfellow Hall-Applan Way 
Harvard Graduate School of Education 
Caadsridget Massachusetts 02138 



Sincerely yours, 



David F. ^gelhardt 
Researcher 

Natural Science Dept. 



■[ 
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Fletcher G. Watson 
Professor of Education 



Second Superintendeyit * a Letter 



April 28, 1967 



Mr. John Doe 

Superintendent of Schools 

46 Main Street 

Good Town, State 00000 

Dear Nr« Doe: 

On February 27 , I 967 you were sent a letter requesting permission 
to Include Good Town Senior High School In our Facilities Research 
ject. As of today, we have no record of your reply* It Is possible 
that we have lost your reply or that the post office has lost our 
letters I but It may be that our request has been lost In the heavy coi^ 
respondMice load common to many superintendents' offices. Would you 
please 1 . Jlcate by return mall or a collect phone call whether or not 
you Intend to participate. (Area Code 6 I 7 , 332-1946 Is home phone, 
where messages can be left for me.) The final schedules for visits 
are now being constructed. Because of economical considerations we 
have delayed visiting other schools that have replied In your area, but 
we do not wish to wait much longer for your reply since early visits 
are preferred by most schools. Would you please reply promptly so 
that only one trip will be necessary to your region. 

I will repeat the explanation of the project as presented In our 
original letter. It would aid us If you would ask the principal of the 
Good Town Senior High School to answer this letter for both of you at 
the same time. We will then contact the science department chairman 
to arrange a convenient visitation date* 

The Harvard Graduate School of Education — with the cooperation of 
an educational consulting firm, several state commissioners of educa- 
tion, local school administrators, and many teachers ~ has been con- 
ducting a study concerning the Influence of school design on science 
Instruction. It is for this study that I am requesting permission from 
you and the principal to visit Good Town Senior High School. My visit 
involve thirty minute, individual interviews with each science 
teacher and some after school Inspection of the facilities. It Is 
hoped, through visiting schools such as yours, that some Information 
can be gained to aid future school designers in the planning of more 
functional and economical science facilities for grades nine through 
twelve * 

Would you please supply the Information requested below: 

1 ) What Is your system's true real estate valuation per pupil? 
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Mr# John Doe 



April 20, 1907 



2) Knat percentage of your graduates! go on to .'credited 

or foui year colleges? If possible, state separately the per- 
centage going to each type of institution. 

3) Wliat is the present enrollmsnt of the high school? 

4) If the Good Town Senior High School is a three year high 

^ schLl, do you teach ninth grade biology in your schoo. syste*? 

5) How many science teachers do you have for the tenth through 
twelfth grade subjects? 

6^ Who is the scler:.- department chairman for the high school? 

lit/tL 'tall address of the high school with sip code. 

V) Kindly state any periods which should bo airolded, Including 
the final exam period. 

Your cooperation In this natter Is deeply appreciated. 



Sincerely yours, 



David F. Engelhard! 
Researcher 

Facilities Research Project 

DFE/fc 



t 
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Principal* a Letter 



April 1967 



Mr, Prank V, Slnon, Principal 
Good Town Senior High School 
School Street 
Good Town, State 00000 

Dear Nr, Simon: 

The Harvard Graduate School of Education — with the cooperation 
of an educatl<mal consulting firm, several state commissioners of edu- 
cation, and many local school systems — has begun a study concerning 
the Influence of school design on science Instruction In. grades nine 
through twelve. Your superintendent of schools may have mentioned that 
he has given us permission to approach you for the privilege of includ- 
ing Good Town Senicr High School In our survey. It Is understood that 
your school covers no more than four grades | please Inform me If this 
is not the case since the study Is generally limited to three and four 
year high schools. 

The survey will be ccmducted by holding Individual thirty minute 
interviews with each science teacher and by observing certain aspects of 
the science facilities, A.fter obtaining your permission, 1 will ask the 
science department chairman to arrange an interview schedule for a mutu- 
ally convenlcint date. 

In your letter granting permission to visit your school, would you 
please supply the following information: 

1, What Is the present enrollment of your school? (If you have a 
school-wlthln-a-school organization, please give the size of 
each ’’house** or sub-unit,) 

2, If ninth grade biology Is taught in any junior high school 
which feeds your school, please send me the name of the school 
and its principal's name for use in arranging Interviews with 
ninth grade biology teachers, 

3, How many science teachers do you have for the tenth through 
twelfth grade subjects? 

4, Who is the science department chairman for the high school? 

3, Kindly state any periods which should be avoided because of 
vacations and also state when final exams start. 



w 
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Mr. Frank Slnon /^prll I967 

Thank yiou very much for your cooperation. Through visiting such 
schools as yours, it is hoped that some Information can be gained which 
will aid future school designers to plan more functional and economical 
science facilities for secondary schools. 



Sincerely yours, 



DFE/fc 



David F. Engelhard! 
Researcher 

Facilities Research Project 
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Department Chalrwan’g Letter 



May 1967 



MTo Joseph Smith 

Science Department Chairman 

Good Town Senior High School 

School Street 

Good Town, State 00000 

Dear Mr. Smith: 

As yo*ir principal has probably told you, your science department 
has been nominated for inclusion in the Facilities Research Project. 

The Harvard Graduate School of Education — with the cooperation of an 
educational consulting firm, several state commissioners of education, 
local school administrators, and many teachers — has begun a study con- 
cerning the Influence of school design on science Instruction. Schools 
are being visited in an attempt to find if correlations exist between 
facilities and teaching methods. Would you please confirm that Wed- 
nesday, May 24, I 967 , is a convenient time for your staff to have me 
visit your school. If this tentative date is not convenient, please 
feel free to ask for another time. (A postal card is enclosed for your 
convenience in replying. If you mall the reply card within a week of 
the above date, please also phone my home collect, and leave a message 
which will be phoned to me while I am on the road. My home number is 
glv«i toward the end of this letter.) In your reply, please give the 
time I should report to your school. 

Let me explain in somewhat more detail what is usually done when I 
conduct the survey. Science teachers describe their instructional meth- 
ods and facilities during individual thirty minute interviews with me. 
Following the interviews, which are usually held during the free periods 
of the teachers, I often check on certain characteristics of your facili- 
ties which were not clear in the interviews 

I would appreciate your setting up an interview schedule for all 
your science teachers of tenth through twelfth grade subjects and teach- 
ers of ninth grade biology. If time permits in the same day, earth 
science teachers may be Interviewed also, regardless of the grade taught. 
Usually teachers prefer to know a day in advance that their free period 
will be occupied by an interview. It is hoped that all teachers con- 
cerned can be interviewed in one day. Physical sci^ce teachers can be 
interviewed in twenty minutes if need be, whereas biological science 
teachers take the full thirty minutes. I can be at your school as early 
as you wish and can stay a few hours after school is dismissed. However, 
teachers should not be asked to stay after school for me if they are not 
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May 1967 



Mr* Joseph Smith 

accustomed to staying late* 

Enclosed Is a list of questlotis^ which I will be discussing only 
with you* The Information requested may require some prior thought* 

Do not allow much time to be spent answering these questions, since 
talking with me night save iMich time that might have been wasted because 
of misunderstanding* 

Mail will reach me more quickly at home) please reply to the 
following address; 

Mr* David Engelhard! 

33 Parsons Street 

West Newton, Mass* 02165 

If a limited time exists for replying or a very serious impediment 
materializes for the survey, please contact me at any time through my 
home by calling collect, Area Code 6 I 7 , 332—19^6* 

I realize that eleven teachers will tend to fill the day* If, by 
any quirk of scheduling, there does appear to be enough time to visit 
the junior high biology teacher, you may feel that It would be proper 
for you to ask the junior high If I could visit during the time avail- 
able* If you are not In such a supervisory position, I will make the 
arrangements nqrself* It happens that I will be '--lilting two neighbor- 
ing communities Monday and Tuesday* Since they are smaller than your 
school, I may have time to phone you about possibly meeting you after 
school some time prior to the rushed Wednesday. 

Thank you very ouch for the time you have taken from a busy sched- 
ule for cooperating with this project | your active participation is 
greatly appreciated* 



Sincerely your??. 



David F* Engelhard! 
Researcher 

Facilities Research Project 

DFE/fc 



1 



The second page 



of the data sheets, supra pp* I 76 -I 77 enclosed* 
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APPENDIX D 

ANALYSES USED FOR CROSSBREAKS 

The tests used for specific hypotheses are discussed briefly In 

the Data-Text Manual.^ The general analytical procedure already has 

2 

been explained* It remains for the formulae and statistical conments 
to be glvoi In this appendix* 

The background of analyses presented here Is not Intended to be a 
full presentation of the various tests* Only those tests allowing ex- 
planation In a small amount of space will be explained* Any tests not 
discussed In full are explicated In numerous statistics texts* 

For most non-parametrlc tests ^ which are the vast majority of tests 
used In this thesis , the conQ)utatlons are based on the Crosstabs Pro- 

3 

gram of the Data-Text System* Figure Three gives the key to symbols 
found In statistical formulae presented In this Appendix* 



^Arthur Couch^ pp* 305-334, 349-354, 371~380. Also see supra, 
p* 54* 

2 

Supra, pp, 54-58* 

^Thls schematic table Is adapted from the Data-Text Manual ~ 
Couch, p. 323, 
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n. . a Count In the (l,j)?!» cell 
Ij 

a Count In the (l)fl! row 
C = Count In the (J)i!) colum 

fi 



r = Number of rows 
c = Number of columns 
N = Total count of thts table 
Fig. 3 ~ Schematic Crosstab Key 



Nominal Comparisons 

The Data->T^ct System provided a convenient and rapid method for 
nominal analysis. Although many variables had ordinal scales, nominal 
procedures were used at the beginning stages of analysis. Where no 
significant nominal relations occurred and where there appeared to be 
relation, ordinal tests were done by hand. For the vast majority of 
crossbreaks, the nominal test of significance was an adequate type of 
non-parametric procedure. 

Assoclational measures were expanded to Include ordinal tests, 
thereby taking full advantage of the Information In the data. 



215 



Unfortunately there was no way to see if a tau C ordinal measure ac- 
tually Is^) roved the assoclatlonal measure of Cramer's V« This Is one 
reason why numerous measures of cuBsoclatlon are given In the crossbreak 
tables.^ 

When a test of significance for ordinal comparisons was needed, 
nominal conq>arlsons were often done In preference to the extremely 

3 

conservative test of tau C significance given by Stuart • The Investi- 
gator did not have access to Kendall's S statistic which could have 
been used for significance calculations! the Investigator was forced 
to use a less precise calculation based on the tau C value as reported 
by the conq>uter« 



Tests of Significance 

The nominal tests of significance used In this thesis are 1) chi- 
square, 2) chi-square with Yate's correction for continuity, and 3) 
Fisher exact test of probability. The option of these tests Is taken 



Table 22 gives an example of extremely low tau C, G and D measures 
with a fairly high Cramer's V, The test Is reported as the following 
crossbreak: High First Level (VAR 40) versus VAR(87) versus VAR(55)» 

It Is probable that a combination of low ordinal association and high 
nominal coefficient Is due to low expected frequencies, 

^Including a selection of coefficients will also allow the reader 
to select the measure with which he has had most experience, 

^Allan Stuart, "The Estimation and Comparison of Strengths of Asso- 
ciation In Contingency Tables," Blometrlka , il»(l953)t 105-110, This ^ 
test uses the upper llBd.t estimate of standard error of the tau C sta- 
tistic to establish confidence Intervals, 
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by the coiq)uter according to criteria explained In the Dnta-Text Manual • 
The Fisher exact probability test could feasibly be douo by computer for 
certain contingency tables having one extremely low expected score with 
large expected scores elsewhere. Unfortunately | for the Fisher exact 
testf the programmer's executed command was not functional at the time 
of coaq>utatlon. Hand calculation for tables having over .forty teachers 
(usually over one hundred) Is much too laborious — taking at least 
several da>s for each table. Hence t only the automatic option for the 
Fisher exact test was used. 



Chi-square test 

The formula, keyed by the Schematic Crosstab In Figure Three, for 

_ 2 

chi-square Is „ /n^ . E. . 



7." = II ^ 

with (r-1) (c-1/ degrees of freedom and where 



E = (”l) 

iJ N 

If less than 20f)(t of the cells have an expected frequency less than 

five but greater than zero, the chi-square Is considered legitimate. 

This limitation Is not made by Data-Text which obsenres a more liberal 

3 

criterion. 



^Couch, pp. 325-326. These crlteri^ are based on V„ G. 
"Some Methods for Stroigthenlny Common^ Tests," Biometrics , 
1954), pp. 417-451. 



Cochran, 

X(Dec. 




Is the expected cell frequency. 



^Couch, p. 326 uses the Mean and Variable technique which Is not 
discussed In standard references. 
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Yates chi-square 

If the contingency table Is tvro-by-two and If the total count Is 
greater than forty, a Yates’s correction for continuity Is applied* 

If a four-fold table court is greater than twenty and less than forty- 
one, a Yates's correction is done only if all expected cell frequencies 
are at least five. This correction adds 0.5 to frequencies which are 
less than expected and subtracts 0.5 from frequencies greater than ex- 
pected. This corrected chi-square is essentially the same as the un- 
corrected chi-square with large frequencies. 



Fi sher exact test 

The Fisher exact probability test is used when an expected fre- 
quency is lower than five. It gives a one-tailed probability of the 
null hypothesis being acceptable. This test uses the following form- 
ula based on the Figure Three .schematic t 



P. = 
1 



^-2’ S' *^2* 

"ll' "12' "21' ”22' 



The test is only conq)uted for two-by-two tables. 



Measures of Association 

The nominal measures of association used in the thesis are 1 ) 
contingency coefficient, 2 ) phi coefficient, and 3) Cramer’s V co 

efficient. 



Contingency coefficient 

The Data-Text program calculates the contingency coefficient from 







the following formula: 



c = / 

Y N 772 

Ferguson^ lists the following maximal values for square contingency 

f 

tables. For tables where rows do not equal columnSf the maximal values 
would be the same as a square table having the smaller number of rows 
or coluMis. Part of Ferguson's list Is given In Table 50, 

TABLE 50 

MAXIMAL VALUES FOR C 

Number of Categories for Both Variables Maximal C 

2 0.707 

3 . , 0.816 

4 . , . . 0.866 

5 . . 0.894 

6 0.913 

Unfortunately f this widely used coefficient Is not a sensitive measure 
of most tables In this thesis, such as a two-by-six table. 



Phi coefficient 

Although the phi coefficient Is Identical to the Pearsonlan pro- 
duct-moment correlation when marginal frequencies are evenly divided, 
the phi coefficient Is considered a non-pararaetrlc test In this thes^;^ 
The maximal values of both the Pearsonlan r and phi coefficient are 



^George A. Ferguson, Statistical Analysis In Psychology and Educa- 
tlon (New York: McGraw Hill Book Co., Inc., 1959), P« 196. 



Influenced by the differences In distributions* When the two distribu- 
tions do not have synnetry or are not skewed In the sane manner, the 
product-moment correlation does not reach its maximum. Maximal and min- 
imal product -moment limits can be calculated on a computer, but exist* 
ing programs will not ignore Irrelevant blanks as will Data-Text. The 
choice of using phi, even on non-symmetrlc Interval data. by splitting 
at the median or other logical point, wcus in part governed by the ease 
of calculating approximate maximum values by graph Without quick 
analysis of the several hundred two-by-two tables calculated, the pub- 
lication of this research would be delayed considerably. 

The use of phi coefficient for reducing tables once having dis- 
crete, multlnomlnal or ordinal data In one variable Is accepted but not 
2 

recommended. It is essential to realize that the assuiqptlons under- 
lying the alternative procedures, tetrachorlc r or point blserlal cor- 
relation, do not allow use of extremely skewed distributions. Inasmuch 
as tau equals phi in a two-by-two table, the non-parametrlc Interpi^ 
tatlon of phi does have validity. Furthermore, it has been voiced that 



^The appropriate graph occurs In J. P* Guilford, Fundamental Sta- 
tistics in Psychology and Education (New York: McGraw Hill Book Co., 
Inc., 1965), p. 337 ^d in William M. Meredith, Basic Mathematical and 
Statistical Tables of Psychology and Education (New Yoiic: McGraw Hill 
Book Co., Inc., I967), p* 296* 

^Farguson, p* I 96 , mentions, ”In practice it [the phi coefficient^ 
is widely used when the two variables are obviously not discontinuous.” 
Guilford, p* 354, suggests the use of the tetrachorlc r or a formula 
for estimating the Pearsonlan r. 

^Tau B, an ordinal statistic, is discussed in Maurice G. Kendall, 
Rank Correlation Methods (New York: Hafner Publishing Co., 1962). 
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small cell frequencies do not lead to spuriously high coefficient values 
as In the case of the contingency coefficient. This tendency to lower, 



not raise, the coefficient values reflects the relation between phi and 
parametric procedures. 

The phi coefficient Is calculated by Data-Text using the following 
formula: 

Phi 




Cramer’s V coefficient 

Couch^ mentions that Cramer has suggested an adjustment for the 
phi coefficient when a table Is not two—by—two • The V coefficient Is 
Identical to phi In the case of the two-by-two table. The Investigator 
has failed to find a discussion of this coefficient In the open litera- 
ture. The Couch reference does give the following coiiq)utatlon fonmila 
based on the symbols In Figure Three: 

v = /S! , 

J N ( Min r-1 or c-D 

where ”Mln r-1 or c-1” means the smaller of the two values, r-1 or c-1. 

t 

Ordinal Conq)arisons ( 

■I 

Ordinal conq)arlsons occur when the outcome of analysis depends on 

2 

the order of categories of at least one variable. Ordinal comparisons 



^Couch, p. 329 • 

^If one variable Is not dichotomous, both variables must have a 
natural order. 
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In two-by-two tables are reduced y by deflnltlony to nominal procedures. 
Most ordinal significance statistics are more powerful than nominal 
statistics In attempts to reject null hypotheses. However, most ordinal 
association measures are not associated with any powerful significance 
test. It Is generally assumed that If a crossbreak Is jlgnif leant by 
nominal tests, It would be significant for the ordinal test (if one ex- 
isted). 

Many ordinal tests were designed for a low total count of ranked 
subjects (teachers) and for few ties In ranking the teachers. In the 
vast majority of hypotheses. Information Is grouped providing many ties. 
Any ordinal test used In this thesis must conveniently allow for tied 
ranks, even If the ties wore fortuitous. A second factor In choosing 
non-parametrlc tests was their availability In convenient computer pro- 
grams . 



Tests of Significance 

Kolmogorov-Smimov two-sanple test 

The Kolmogorov -Smirnov test Is a highly »6nsltlve test which de- 

2 

tects any type of difference In distributions of two samples. The 
test compares the largest difference In the cumulative distribution, D, 
to critical D values charted for various levels of significance. 

For large samples, over forty teachers, the count of each sample 

^It Is appraprlate for tau B (ordinal) to equal the phi coefficient 
In two-by-two tables. 



^The tesl s explained In full by Siegel, pp. 127"*136i 279* 
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need not be equal. However^ for samples under forty-one the samples 
must be of equal size. The test cannot be made when one sample Is under 
forty-one and the other over forty. Since it would be difficult to ran- 
domly discard the teachers' responses from a few hundred responses In 
order to equalize sample sizes to forty or less, most uses of this test 
have been for large sajiq>les.^ Cumulative frequencies for. large samples 
are not expressed as Individual teachers (as with the small sample pro- 
cedure)! they are expressed as cumulative percentage. The difference 
In cumulative frequencies, D, Is expressed as the decimal equivalent 
of the cumulative percentage distribution. For th“ .05 alpha level, 
the critical D Is found by the following formula 



Critical D.05 = 



1.36 

V "l"2 



where n and n equal the count of the two samples. 

The cumulative frequencies were requested from the Data— Text pro- 
gram entitled, Frequencies. Other computations were done by hand. 






lU 



Significance of tau C, tau CS 

Some ordinal coRq>arlsons do not possess the dichotomy on one var- 
iable necessary for the Kolmogorov-Smlmov test. Often these tables, 
having a multi-categorized Independent variable, need an ordinal measure 
of association. It seemed appropriate to test the si^iiificance of an 
associational measure on the standard error of that measure, rather 



^By happenstance, the test using a multiple specifier in Table 
Twenty- two had small and equal samples. 
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than by the standard error of another function* Stuart has devised 

2 

a conservative test of significance for Kendall's tau C based on the 
upper bound of the sampling varlfuice of tau C, 

Calculations were done by hand after receiving the value of tau C 

« 

from the Data-Text program. The following formula was used to estimate 

variance of tau C based on the distribution of cell frequencies^ 

3 

size of sample, and the least number of cells In a row or coluan; 

... 2 

2 



Variance tau C = 



n 



m 

m-1 



- Tau C 



where n = total count In analysis and m = least number of cells In a 



row or coluim. 



The maximum standard error is the square root of this variance. For 
a two-tailed test, the confidence Interval at a .05 alpha would be 

1,96 j variance tau C 

Measures of Ajssociation 

A major problem of the analysis phase was finding a way to express 
the strength of association# If all the variables could have been 



Allen Stuart 



M, G. Kendall 



^Stuart's article (p. IO8) may have a typographical error, not ob- 
served in the calculated example of the same article (p# 109). His form- 
ula for the variance % 2 ^2 

VAR ^ 2 / m \ “ 1 1 



tc 






s 



appears to be in error since tau C (t^) can possess a negative or posi- 
tive value depending only on the order in which one variable Is listed. 
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assumed to be of symmetrical distribution, phi or Pearsonlan product- ^ 
moment correlations may have given we 11 -understood magnitudes of asso- 
ciation. With non-par araetric tests, the scale values of various asso- 
clatlonal measures are not the same. On ordinal data, the relatively 
Insensitive Cramer's V test yields a higher number than the more sen- 
sitive tau C. /Although both have 1.0 as a maximum value, tau C Inevi- 
tably looks weaker than higher valued measures. 

To further con?)llcate matters, no Interpretation of the assocla- 

tlonal values Is helpful In judging the magnitude of association, unJass 

1 

the reader Is familiar with past studies Involving the measures . 

There Is no logical way to convert the coefficients, and eiq)lrlcal con- 
version tables would require tabulation of many variations In cell dis- 
tributions. For this reason, several assoclatlonal values are given 
with the hope that the reader will recognize one of the measures. 

Kendall's Tau statistics 

N 

Tau B 

Tau B Is a modification of the original tau statistic described 
in most statistics texts. Tau B Is used where numerous ties in ranks . • 

exist, cis In a contingency table. Tau B Is valid for square contingency \ 

tables, and It equals phi when the table Is two-by-two. Except for the 

^For instance, a Pearsonlem r of .70 Is an excellent correlation? 
most readers recognize It as unusually high and accounting for 49% of 
the variance in symmetrically distributed variables. But consider a 
tau C of .25? what does It mean? Would the same data giving a Pear- 
sonian r of .70 give a tau C of .25? 



o 
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two-by-two situation, tau B does not equal Cramer’s V. The relations * 



among the tau statistics and other correlational measures are discussed 

1 



at length in Kendall. 

The Data-Text System computes tau B by the following formula; 

2 (S-D) 



Tau B = 



/(N^ - I R,^) (N^-Xc.^) 
J i j ■’ 



i J 

where S and D are defined by the following operatloni 



Take every conceivable pair of teachers and determine if the first 



teacher has a higher or lower ra"k than the second teacher on each of 



the two variables defining the rows and coluims of the table. (Do not 



consider reversals of the teacher pairs. For instance, count AB once| 



do not consider BA as a different pair.) Assign the value, +1, to a 



pair in which the first teacher has a lower rank on variable one than 



the second teacher. If the first teacher has a higher rank than the 



second, the assigned pair value should be -1,^ Do the same for the se- 



cond variable. Now each pair of teachers has two values, one for each 



variable. Multiply these values so that a resultant value, +1 or -1, 
can be assigned to each pair of teachers. Now count the +1 pairs and 
call this total count, ”S," The total count of -1 pairs will be 



1 



Kendal 1 



^Use Figure Three as a partial key. 



The question of tied ranks becomes more mathematically involved 
and is not included in the definition of S given by Kendall. Tied *"anks 
on both variable; are considered in the coefficient. 
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called, "D,*' 

Tau C 

Tau C is an adaptation of tau B for use with contingency tables 
which are not square. The formula for tau C, using symbols previously 
defined for tau B and tau CS Is 

Tau C = ^ ”/,^rP,L 

N (m-1) 

Both tau statistics are computed by Data-Text. 

Gamma 

The gcuoma statistic concerns Itself with the S and D counts of the 
tau statistics. Gaaima attains Itp maximum, -1.0, under more conditions 
than tau B. In a two-by-two table, any cell void of an observed fre- 
quency will cause gamma to equal one. This characteristic of gamma Is 
due In part to the fact that gamma Ignores tied pairs. ^ The formula for 
Data-Text computation is 

Gamma = ^ ~.iL- , 

S + D 

Goodman and Kruskal originally defined gamma as ’’the difference between 
the conditional probabilities of like and unlike order, given no ties.” 
If there is a greater chance of like order than unlike order, there Is a 

^R. H. Sommer, "A New Asymmetric Measure of Association for Ordinal 
Variables,” Ameri can Sociological Review , XXVII (December, 1962), 802. 

\eo A. Goodman and William H. Kruskal, "Measures of Association 
for Cross ClMsiflcatlons," Journal of the America n Statistical Asso- 
clatlon XLIX (December, 195^) i 753* 






* 
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posit lye association. 



Sommer's D 



Sommer's D statistic is related to Kendall's tau B and to the 
Goodman-Kruskal gamma. The magnitude of the coefficient is usually be- 
tween tau C and gannai ono reason for this is that Sommer's D does con- 
sider the number of tied pairs of teachers on one variable. The formula 



given by Sommer is 



S-D 



= S-D 



xy 



S+D+X, 



U 



where d^ = Sommer's D for the independent variable y **Jid the 
dependent variable x and 
^ere = ties on the dependent variable and 

>idiere = pairs of observations not tied on the dependent variable. 

In terms of Figure Three, Data-Text computes this statistic only when 
the rows represent the dependent variable) the fonrnila is 



D s 



2 (S-D) 






Sommer defines D as "the difference between conditional probabilities 
of like and unlike order, under the condition that we ignore ties on 

3 

the independent variable. The ignoring of ties on the spatial 



An execellent discussion occurs in Sommer. 



'Ibid,, p. 804, 



J 



Ibid., p. 804 
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VArlable ralaca tha coof flcleiit above the tau statistic • 

Parametric Comparisons 

Student's t-test, one-way analysis of variance, and polnt-blserla! 
correlations are explained In most elementary statistics texts* These 
tests are used Infrequently In the analysis of specific hypotheses In 
this thesis* The major hindrance to using these tests was the presence 
of extremely skewed distributions which probably represented the dis- 
tribution In the population (If one considers this non-random sample 
representative of a population)* Normalization of distributions was 
not considered appropriate* 

It Is lnq)ortant to realize that no teacher answered more than once 
to a question) each unit In an analysis is therefore Independent, In 
the statistical sense of tests used* If te' -.hers contributed data from 
several of their classes, giving different answers for various subjects 
and levels of students^ the analysis would be entirely different — If 
not too cu2d>ersone tc analyze. 
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